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(71) We, Industrial Nucleonics Cor- 
poration, a corporation incorporated in 
1969 and existing under the laws of the State 
of Ohio, United States of America, of 650 
5 Ackerman Road, Columbus, Ohio 43202, 
United States of America, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to be performed, to be par- 

10 ticularly described in and by the following 
statement: — 

This invention relates to radiation gauging 
and process control systems, and more par- 
ticularly it relates to digital setup appar- 

15 atus therefor. 

It is highly desirable that arrangements be 
made to set up these systems decimally in 
process units, for the operator's convenience, 
to minimize human error, and to enable the 

20 gauge to be set up automatically by a re- 
mote device such as a digital computer which 
exercises a supervisory function in the 
manufacturing plant. 
Digital setup arrangements have been 

25 provided in the past by operating a turret 
mechanism to selectively insert standard 
samples in a reference radiation beam. Other 
arrangements have used tape or punch card 
reading devices to program servo-mecha- 

30 nism setup devices which use the voltage out- 
put of a digital to analog converter to oper- 
ate servo motors so as to drive multitum 
analog potentiometers to calibration setting. 
The first arrangement has the disadvantage 

35 of requiring a multitude of samples of ma- 
terials of the exact specification values. It 
is not practical where dimensionally unstable 
or volatile materials such as moist paper 
are to be measured. The second arrange- 
[Price 5s. 0d.(25p)] 



ment has the disadvantage that a lengthy and 40 
complicated program must be worked out 
in advance and stored in the form of an in- 
dividual punch card or tape program for 
each material specification to be used. Since 
hundreds of such programs are often needed, 45 
the problems of preparation, checking, filing, 
storage and access are considerable, par- 
ticularly where a data processing machine 
with substantial memory capacity is not 
available. Both of the foregoing arrange- 50 
ments have the disadvantage that the mea- 
surements are presented on the recoidcr in 
the form of a deviation-from-specification 
indication only, and the operator viewing 
the chart and the scale cannot determine 55 
directly therefrom the actual value of his tar- 
get or the value of the measurement when 
there is a deviation. 

It is the general object of this invention to 
provide a radiation gauging and process con- 60 
trol system which overcomes many disadvan- 
tages of prior systems, and which is capable 
of achieving a greatly improved presenta- 
tion and recording of the setup data and the 
measured values. The many specific objects 65 
and advantages will become apparent from 
the following detailed description of one 
preferred embodiment of the invention taken 
in conjunction with the appended draw- 
ings, in which : * 70 

Fig. 1 is a block diagram of the general 
overall arrangement of a radiation gauging 
and controlling system utilizing digital setup 
apparatus. 

Fig. 2 is a simplified schematic showing of 75 
the basic electrical and mechanical arrange- 
ment of a typical radiation gauging and con- 
trolling system. 
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Fie 3 is a graph showing typical response ing machine, a textile drafting apparatus a 

curves for a radiation gauge and illustrating cigarette making machine, or any one of a. 

both the mechanics of its calibration and the number of diverse process machines which 

effect of the measured material composi- forms or modules a material in a continuous 

5 tion. The effect of composition is exagger- or quasi-continuous L*^e P r o- 70 

atalforclaritv cess machine 20 can as well represent a 

Fife 4 a circuit diagram showing a modi- machine for handling fluid in a chemical or 

fication i of Fm2 m«mg P rocess whkh dcll . vers * f l 0W u° £ fluid 

lC"jSnd 4 illustrate known appar- through a pipe or conduit, and in tihis case 

10 atusSd accordingly are labeled "prior art", the product 22 can represent j*^* 1 * 75 

However, they are deemed essential to a fluid through an output or transfer pipe or 

clear explanation of the present invention, conduit. „w*,.t»r 
which is P somewhat complex in some of its For the purpose <*£™" na ****™}£' 

details, and reference is made to these simple istrc of the materia^ 22, i tnuc ear radation 

15 figures to clarify the explanation throughout source 26 and a radiation detector 2 I may be 80 

Se^ecmcation mounted on opposite sides of the material. 

Fig 5 is a front view of a typical strip or other arrangements such as backscatter 

chart recorder and operator's control panel arrangements, where the source 26 and de- 

ofan SSnent according to the invention, tector 28 are arranged on the ^e side of 

Ffe 6 is a partly schematic diagram of a the material, may be used. In the example 85 
portion of theinp^it circuits of the digital to be used herein of a reversing m dl die 
setuo svrtem and die sequencer unit thereof, source and detector will be supported m a 
Figs 7 and 8 show drcuit logic symbols suitable gauging head structure (not shown) 
used in the detailed drawings and the cir- mounted between the reducing roUs ; of the 
renresented thereby. mill and the reel at one side of the mill, 90 
Fg^S 9b2Ton y two separate sheets, with the gauging head structure bemg 
When Fie. 9a is placed above Fig. 9b so arranged to traverse back and forth across 
Eor^pondiglines as at 300 and 474 at the width of the metal alloy strip, or to move 
foe iS^fomcHe: these sheets form the source and detector off-sheet to one side 
30 a single circuit diagram herein referred to of the strip as required to facihta te threading 95 
as Fie 9 Fie, 9 shows the principal por- the metal strip through the mill, to amo- 
tion of the logic circuits of the set up unit matically standardize the radiation gauge, or 
and their relationship to the digital to ana- for other purposes. Such arrangements are 
foe oonTerteT conventional and well known, and no de- 
35 Fig. 10 shows another logic symbol and a tailed description herein is necessary. 1W 
Dortion of a resistor matrix represented The output of the radiation detector 28 is 
thS5 fed into the radiation gauge measuring sys- 
Re. il is a partly schematic diagram of tern, represented by box 30. The measuring 
the T digital to analog converter according to sys tem 30 translates the output of detector 
40 the invention including the servomechanism 28 into a measurement of the material pro- 1U3 
arrangement of the gauge and the converter perty of interest, eg., the thickness of the 
the servo amplifier time sharing ffioy strip 22 being delivered to the reel on 
arrangement and automatic gain changing one side of the reversing mffl 20. the mea- 
Ste suring system in this example translates the 
45 Fie 12 is a circuit diagram of the gain- radiation detector output into a signal repre- liu 
change matrix and gain change relay drivers, anting mils, that is. thousandths of an inch 
Fie 13 is a partly schematic diagram which is presented on a recorder 32. A signal 
showfog a portiohof the center scale and j s also fed over line 34 to an automatic con- 
span selectoVlogic circuits and the arrange- troller 36 which controls the process machine 
50 meat of the digital center scale and span 20 in such a way as to maintain the measurea to 
setup units in the radiation gauge measuring property of materia] 22 constant at a desirea 
circuit according to one preferred embodi- value. In the example given herein of a re- 
SofSe invention. t versing mill for metals rolling, the automatic 
Referring now to Fig. 1. there is shown controller 36 may be utilized to control the 
55 generally a process machine 20 for operating screwdown pressure between the roHs^ or to 120 
on a material 22 travelling in the direction adjust the tension of the strip between the 
of the arrow 24. For purposes of example, mill rolls and the reel, or both forms of aa- 
process machine 20 may be considered to re- justment may be actuated under proper con- 
present a reversing mill for reducing a metal ditions in accordance with well-lcnown 

60 allov strip 22 to smaller and smaller thick- arrangements. , . 

nesses on successive passes through the mill. The system of the present invention is par- 

However it is understood that the process ticularly concerned with a digitally controlled 

machine represented by box 20 could repre- arrangement for setting up the measuring 

sent a plastics or rubber calender, a paper- system 30 of the nuclear radiation gauge as 

65 Sng machine, a plastics or metal extrud- well as the target or set point for the automa- 130 



tic controller 36, so that the indications de- 
prived from recorder 32 will most accurately 
and meaningfully represent the absolute 
value of the measured property of material 
5 22 in any desired units of measurement, and 
so that the signal fed over line 34 to the 
automatic controller will in a similar manner 
properly represent error-from-target infor- 
mation both as to direction and magnitude. 

10 All nucleonic gauge measuring systems 
capable of accurate and meaningful measure- 
ment include, in one form or another, a unit 
here referred to as a "center scale 5 ' setting 
unit 38 and what is referred to herein as a 

15 "span" setting unit 40. The center scale 
setting unit is used to select the value of a 
suppression signal, or suppression voltage, 
which is compared in the measuring system 
with the output of the radiation detector 28, 

20 so that the measuring system will provide 
either a zero output signal or a predeter- 
mined reference indication on recorder 32 
when the material property being measured 
has a predetermined value. The span setting 

25 unit 40 permits selection of the magnitude 
of the output signal increment or the magni- 
tude of the deflection on the recorder which 
is obtained when the value of the measured 
property deviates from the predetermined 

30 value by a selected amount. 

Similarly, all suitably designed automatic 
control arrangements used with nucleonic 
gauges utilize in one form or another a target 
setting unit 42, here shown as being incor- 

35 porated in the recorder 32, which permits 
selection of the value of the measuring sys- 
tem output signal, or a particular value indi- 
cated on the recorder, which represents the 
desired value of the material property being 

40 measured. 

The present invention relates to improve- 
ments in a digital setup unit 44 and its inter- 
connections with the center scale setting unit 
38, the span setting unit 40 and the target 

45 setting unit 42. The digital setup unit 44 is 
the interconnecting link between an opera- 
tor's control unit 46, the center scale setting 
unit 38, the span setting unit 40 and the 
target setting unit 42. 

50 The human operator of the machine may 
utilize the controls provided on the control 
unit 46 to select the nuclear gauge and auto- 
matic control target settings. These settings 
can also be selected by an automatic super- 

55 visory control unit 48. Cbntrol unit 48 may 
be provided in the form of a punch card or 
tape-reading device, a communication link, 
a digital computer or other device which 
may be employed to present the proper 

60 operating information to the nuclear gauging 
and controlling system. 

It is to be appreciated that the general 
nucleonic gauging and controlling system of 
Fig. 1, including generally a digital setup 

65 unit with operator and supervisory controls is 



not broadly new nor claimed heerin, and 
accordingly Fig. 1 has been labeled "prior 
art". 

In order to provide further background 
information necessary to an understanding 70 
and appreciation of die present invention, it 
is further appropriate to refer to the simpli- 
fied schematic showing of a typical prior art 
nucleonic gauging and automatic control tar- 
get setting arrangement shown in Fig. 2. 75 
Fig. 2 illustrates in particular a nucleonic 
gauge circuit according to U.S. Patent No. 
2,790,945, issued April 30, 1957 to H. R. 
Chope. Herein there is shown a nuclear 
radiation source 26a, a measured material 80 
22a, and an ionization chamber detector 
28a. The detector 28a is connected to a 
"high-meg* 5 resistor 50 and to the input of a 
form of operational amplifier 52. The output 
of amplifier 52 is connected to the other end 85 
of the high-meg resistor 50 via a negative 
feedback loop which includes a measuring 
bridge circuit 54. Bridge 54 includes a slide- 
wire 56 having a slidewire arm or wiper 56a 
which is driven by a servo motor 58. Servo 90 
motor 58 is energized from the output of a 
servo amplifier 60 in response to any output 
from amplifier 52. Amplifier 52 is adjusted 
by means of a rheostat 62 so that it has zero 
output for zero input. The bridge circuit 54 95 
is energized by a voltage source represented 
by battery 64 through a source standardizing 
potentiometer 66. Potentiometers 62 and 66 
are automatically adjusted at occasional or 
periodic intervals to maintain permanent 100 
calibration of the apparatus. 

In the particular nuclear gauge circuit of 
Fig. 2, potentiometer 68 is the elementary 
center scale setting unit which corresponds 
to unit 38 of Fig. 1. Similarly, in the circuit 105 
of Fig. 2, a potentiometer 70 constitutes the 
elementary span setting unit corresponding 
to unit 40 in Fig. 1. These setting units are 
used to calibrate the instrument so that its 
output accurately represents the actual value 110 
of the measured variable in any desired unit 
of measurement, within a suitably limited 
range of values. In the instrument, shown in 
Fig. 2, the output is a mechanical position 
analog signal, specifically the instantaneous 115 
location of a pen and pointer assembly 72 
which is positioned by the servo motor 58 
which drives the measuring slidewire arm 
56a. The position of the pen and pointer 
assembly 72 is taken with reference to the 120 
markings on an associated index scale 74, 
which markings indicate values of the 
material property being measured in mea- 
surement units chosen by the user of the 
instrument. 125 

The functions of the center scale setting 
unit and the span setting unit can be fur- 
ther explained with reference to Fig. 3. Fig. 
3 is a graph showing three "absorption 
curves" or more properly, transmittance 130 



8Q { ^ curves to as the center scale value, and POtentio- 

curves 76. 78 ™^iStSr«5ut as a meter 68 is referred to as the center scale 

ta& of to^gb? S?3t « of a setting potentiometer or generally a center 

EmaterJ as at 22a m Fig. 2, which is scale settmg unit. 65 

5 Eosed between a radiation source as at it is to be noted that the bridge circuit 54 

SSdSr as at 28a. As is well m Kg. 2 is set up so that when the pen and 

knowlr die transmittance curves for pointer assembly 72 is in the center of die 

materials of significantiy different compoa- ^ 74. the slidewire tap 56a is in the center 

SSfSwediffl shapes depending on the of ^wire 56. and the potential at the 70 

z slidewire tap is the same as the potential at 

in ratio — where Z is the effective atomic g2 in the middle of the bridge circuit, 

w rauo , w A " t tjjjg ^ the ouput of bridge circuit 54, 

number of the material and A is its effective whic h functions as a variable voltage source, 

atomic weight Materials having high values is simp i y the "center scale voltage deve- 75 

* T loped between potentiometer tap 69 and 

nf nroduce curves which sag more in the poj nt 82, since there is no potential difference 

01 — proauw between point 82 and the tap 71 of potentio- 

middle The shape of the transmittance meter 70. 

15 curves obtained also depends on the unique p oten dometer 70, which constitutes the 80 

characteristic of each source and detector dementary span se tting unit, determines the 

combination so that each instrument pro- of Reflection of the pen and pointer 

duces its own distinctive transmittance curve assemb | y 72 from the center of the scale in 

for any given material. response to a given deviation of the material 

20 When the radiation gauge is used to mea- un{t ^ from tne cent er scale 85 

. sure the product of an industrial process, vgJw ^ That ^ ^ setting of potentio- 

only a portion of the one appropriate trans- meter ?0 determmes how far the motor 

mittance curve is "in use" at any given tune. driyen slidewire tep 56a must be moved 

To illustrate, assume that the material being a fl0m &e ^er pos i t i on to produce 

25 measured at the time has a composition & predetenmned voltage increment between 90 

which produces transmittance curve 80, ana ft * potentiometer tap 71 and the center point 

that the particular weight per unit area of tne ^ £ f tfae bridge The totaI bridgc circu i t 

material being produced lies somewhere be- J4 ut ig of course ^ a i ge braic sum of 

tween W Ll and W La . It is then desirable to ^ centef sca]e yoltage between tap 69 and 

30 have the instrument scale 74 in fig. ^ point 82, and the deflcction-from-center volt- 95 

marked off with suitably numbered gradua- r potentiometer tap 71 and point 

tions extending from the low value Wl at tne g2 wuh re fe ren ce t0 Fig. 3, it is apparent 

left end of the scale to the high value W H ^ the setting of potentiometer 70 deter- 

at the right end of the scale. m ines the slope of a line segment xy which 

35 For this purpose, the gauge is calibrated approxijna tely coincides with the transmit- 100 

essentially so that when the detector output ajrf0 g0 over thc portion thereof which 

is 0t (Fig. 3) the pen and pointer assembly ^ weig ht per unit area values W Ll 

72 will be driven to the left end of the scale tQ w ^ simpif . ga U g e s hown in Fig. 2 

to indicate W t When the detector output QUt m the rec0 rder the approximate 

40 is 0„ the pen and pointer assembly will be ^ area values determined by 105 

driven to the right end of the scale labeled ^ ^ segfBeat xy Generally the error re- 

W H . When the detector output is somewnere {n)m ^ approximation is only a 

between 0, and 0„ the pen and pointer will ^tion of 1%, which is sufficient for the 

be driven to an intermediate position wliicn purposes, jf grcater accuracy is re- 

45 corresponds to the weight per unit area of tne quired at ex tra cost the gauge may be modi- 110 

material being measured. U sjn g known techniques to shape the 

To achieve this calibration, the center ^ segment xy so that it follows the curve 

scale setting unit 38 of Fig 1, exemplified q{ ^ ^^^jf^j^ function, 

by potentiometer 68 in Fig. 2, is set to pro- aDOarent from Fig. 3 that if a different 

50 ducTa voltage say, between d* potentio- J^^^S^Zc^ curve 76, 115 

meter tap 69 and the center Pomt 82 m the ™ ie ™* ™ « , ^ 

bridge circuit which is equal in magmnxte say u ^being meas 

to a detector output 0, which is essentially ^ ™ to M te , 'Si n lJ I S ) SibiBte the scale 

half-way between the output values 0, and willtave ggcjJJ^ values between 

55 0 2 . With this setting of potentiometer 68 Lite 74 g™£ absorption curve 76 120 

60 JS.'SS&SS %k wfiTScSS £Ki « caa h. mart* off to represent ,25 
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values of weight per unit area between W u rog a bridge circuit 86 incorporating a repeat 65 
at the left end and W Ls at the right end. slidewire 88 whose movable tap is drivenby 
If a variety of weights of material are to be the servo motor 58 which drives the measur- 
run on the same process machine, a plurality ing pen and pointer 72 of the recorder. The 
^ ot scales as at 74 should be provided with repeat slidewire bridge circuit further in- 
each scale being provided with a different eludes a target setting potentiometer 90 The 
set of numbers from the other scales. It is variable tap 90a of the target potentiometer 
turtner apparent that if at the same time a is mechanically coupled to a target pen 
Plurality of materials having different com- pointer assembly 92 and to a manually ad- 

iu positions are to be run on the process justable target setting knob 94. The error 

machine and measured by the gauge, a very signal output from the bridge 86 which is 75 

targe number of different combinations of applied to the automatic controller is taken 

center scale settings and span settings will be between the movable tap of the repeat slide- 

required. wire 88 and the target potentiometer 90. The 

15 For convenience herein, the term "range" ?y stem is arranged so that when the measur- • 

refers to a combination of a center scale mg Pointer 72 and the target pointer 92 80 

setting and a span setting for a particular a ^ c "\ mutual alignment at any point across 

scale to be used and a particular composi- ™ e w j dth of the recorder scale 94, there is 

tion of material. A range is represented by 5J 5 voIta ge output from the bridge circuit 86. 

20 one of the line segments such as xy and x.y. however, when the position of the measur- 

in Fig. 3. A "scale" is defined as a set of !" g P° ,nter 72 de Parts from the position of 85 
weight per unit area values such as W Ll to ^rget pointer 92, the bridge circuit 86 

W Li or W u to Wlj which is represented by P rovi ?es a d.c. error voltage output whose 

a set of numbers which may physically be P° ,an ty depends on the direction of the 

25 marked on a particular scale member as at devia tion and whose magnitude is propor- 
74. The number of ranges to be made avail- Uooal t0 * e amount of the deviation. The 90 
able on a particular gauge is frequently the ^nstant of proportionality between the de- 
product of the number of scales desired v,atlon °» m e pointer and the error voltage 
and the number of material compositions to 5 Utpu * ,s adjustable by means of a voltage 

30 be measured on the gauge. Where the num- dro PP ,n § rheostat 96 in series with the re- 

ber of ranges required is less than about peat slldew ire bridge circuit power supply 95 

twenty, the prior an circuit shown in Fig re PJ esen ted by battery 98. 

4 is conveniently used. This drawing shows , for egoing description has provided 
a modification 54a of the bridge circuit 54 of 0J r? 0 examples of a so-called center scale 
Fig. 2. setting unit 38 and a span setting unit 40 

In the circuit of Fig. 4, a number of Snf^V^ of a ter 8* 100 

center scale setting potentiometers n£» £2f TZm^^TT^ V ^ 
ted by potentiometers 68a and 68b are pro- haTeaih 5 l£ J* °v Ut " however » 

vided Additional potentiometers (not shown) fo a ?al£ 2 fonT* *$L te embodied 

40 which may be identified as 68c 68d 68n SJLS?i • m d,fferent types of 

may be provided where n represents'a nuT oS^L 8aU8m ? a " d controllin g systems. 105 
ber .less than about 20. Similar!? the span Xwin? D ° l Serv0 

setting potentiometer i^ duplicated by provk^ S Srn Tff^?^^ m ^ m ^ 

lng a number of potentiometers as at 70a fmwL y n 7 , P**,* 5, ^ target setting 

45 and 70b. Additional potemSmeter^ i (not ^ ^ *ne form of an adjust- 

shown) 70c, 70d . . . 70n may ako be So d c ' volta g e aerator and a 110 

vided. Proper combinations JS seated- hTC^T^ *" from 

ting potentiometers and span setting poten- fl 2 t nf 2f S^*™* ™th the volt- 
tiometers with preadjusted catibratioh set- ?^-° f ?f ^ to derive tbe re ™'- 

50 tings thereon are selected b^ S o fa Wha7Se^!l£ r the I auto ^ controller, 

range switch 84. In Fig. 4, the numeral 84 Ls «%£L u • Center scale xttin & unit " d e- «5 

applied to the dotted file ;SSSes the SusiS zTr^ P refcrabl y * d ™ce *>r 

ganeed connection of three multi-tap switch SaJ 8 . rec ° rder to be positioned 

sections. P at of its scale, or for causing the 

55 In many cases, however, such as in the ^SI^SZi^SST^ *? 120 

example of a reversing mill which rolls metal sured property is preSnted to the ll^ 

£E ^erent ttucknesses and of is o^EuJ^fS^SSir&tt 

K i^V 3 " 0 ^ ^significantly dif- center scale setting unit LybTa?v devS 

*n Zl at ^° mp S )ns ' f veral hundred ran g« «*d to supply a form of suppression to tS . 

5 J 6 • and are ^ P rovided detector output signal eS P wf S e Sr 125 
according to the invention as described be- amplified or modified form. Points on a 

. Fig. 2 further illustrates an elementary ^i&J^^^J^ 

target setting unrt of a common type utiliz- reference point, and ES£ 
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from the measuring circuit other than zero 
voltage could be used as welL 

Referring now to Kg. 5, there is shown 
a front view of a typical operator's control 
5 unit 46a for a nuclear radiation gauge and 
control system according to the invention. 
The operator's control unit 46a corresponds 
generally to the operator's control unit 46 
shown in Fig. 1. On top of the operator's 

10 control unit is a recorder 32a which corres- 
ponds generally to the recorder 32 in Fig. 1. 
Recorder 32a is of the type which employs 
a continuously moving strip chart 102 which 
travels in the direction of the arrow 104, at 

15 a constant speed, or at a speed proportional 
to the speed with which the material 22a 
travels through the gap between source 26a 
and detector 28a. The wriggly trace 106 on 
the chart, as a result of the continuous mea- 

20 surement provided by the nuclear gauge, is 
drawn by a measuring pen 108, and the in- 
stantaneous value of the measured variable 
is represented by the position of an attached 
pointer 110 which moves horizontally with 

25 reference to a scale indexing arrangement 
112 at the top of the recorder. The recorder 
includes a second pen 114 which constitutes 
a chart trace identification and target mark- 
ing pea The pen 114 also has an associated 

30 pointer 116. 

The scale indexing system and pointer 
arrangement for the recorder is of the type 
disclosed in a copending application now 
published as British Patent Specification No. 

35 1,193,116. The scale index assembly com- 
prises a plurality of columns of thin trans- 
parent plastic strips as at 118 and 120, with 
the columns of strips stacked one behind the 
other. Each plastic strip carries a set of 

40 numerals as at 122. The numerals on the 
strip are selectively lighted by an indirect 
lighting system so that only the numerals on 
one scale index strip are lighted at any par- 
ticular time. Since tie plastic strips are trans- 

45 parent, the numerals on the strips behind 
those in the front column are visible through 
the transparent strip in front, and in this way 
a large number of scale indexes are available, 
with only one scale index being visible at a 

50 particular time. Hie pointers 110 and 116 
have portions made of fluorescent material 
and are irradiated from behind the opaque 
portion of the recorder door with ultraviolet 
light which causes the index lines on the 

55 pointers to glow with distinctive colors. 
These and other features of the device not 
shown herein produce an effect of contrast 
and high readability. 
The measuring pen 108 and pointer 110 

60 are driven by a first servo motor as at 58 in 
Fig. 2. The other pen 114 and pointer 116 
are driven by a second servo motor (not 
shown). The two pens 108 and 114 are filled 
with different colored inks. The pen 114 is 

65 used to identify on the chart record the scale 



being used when the trace is made, to iden- 
tify the composition of the material where 
more than one composition is measured with 
the gauge and to locate by drawing a straight 
line on the chart the target value or desired 70 
value of the material property being 
measured 

In the case of the traces shown, the ver- 
tical line 124 indicates a previous target 
value around which the trace 106 of the 75 
actual measured value has varied. The 
straight line 124 was drawn when the pen 
114 and the pointer 116 occupied previous 
positions indicated by the dotted line posi- 
tions of the pen and pointer at 114a and 80 
116a. The remainder of the trace made by 
pen 114 indicates that a new specification 
has been set up. The short vertical trace at 
126 indicates by its position the scale being 
used to measure the material according to 85 
the new specification. The next short vertical 
trace 128 indicates by its position the com- 
position of the material being run according 
to the new specification. The vertical line 
130, just starting, indicates the new target 90 
value for the measured property of the 
material being run according to the new 
specification. 

Referring to the middle control panel 132 
on the operator's control unit 46a, there are 95 
two lamps 134 and 136, respectively labeled 
REMOTE and LOCAL, one of which lamps 
will be illuminated. If the REMOTE lamp 
134 is illuminated, it indicates that the new 
specification was set up by a remote device. 100 
such as the automatic supervisory control 
unit 48 of Fig. 1. If the LOCAL lamp is illu- 
minated, it indicates that the new specifica- 
tion was set up locally on the operator's 
control unit 46a. 105 

In order to select a new specification to 
be measured, the operator simply dials in the 
desired value of weight per unit area or 
thickness for the new run of materia], using 
thumbwheel switches 140, 142 and 144. Each 110 
thumbwheel switch selects a corresponding 
decimal digit, and the selected digit appears 
as a lighted numeral. In the example illus- 
trated, the thumbwheel switch 140 has selec- 
ted the decimal numeral 3. Similarly, when 115 
various compositions of material are run, 
another set of thumbwheel switches as at 146 
and 148 is used to select the material com- 
position. In this example, the target setting 
is given in mils and the composition is iden- 120 
tified as an alloy number. 

The target weight or thickness and com- 
position specification can be set up on the 
thumbwheel switches at any time, but the 
new specification is not set up on the gauge 125 
until a set-up command is given. The 
LOCAL lamp 136 is a combination lamp 
and pushbutton which is pressed by the 
operator at the instant that it is desired 
to set up the new specification. Pressing this 130 



button causes the digital setup unit 44, Fig. 
1, to operate the center scale and span setting 
units 38 and 40 of Fig. 1 so as to set a new 
range combination adjustment into these 
5 units. At the same time, if necessary the 
previously lighted set of numerals as at 122 
on the index scale 112 will be extinguished, 
and a new set of lighted numerals will appear 
to indicate the new scale of measurements. 
10 At the same time also the servo motor driven 
chart identification and target marking pen 
and pointer assembly 114 and 116 will start 
to perform a programmed marking sequence. 
As illustrated in Fig. 5, for example, the 
15 pen 114 will move from its previous dotted 
line position 114a where it was marking the 
target line 124 to the position where it marks 
the short vertical line 126 whose position 
indicates the new scale being used for mea- 
20 surement. The pen will then move to the 
position where it marks the short vertical 
line 129 to identify the new composition of 
material being measured* After marking the 
line 128, the pen 114 will then move to a 
25 position marking the straight vertical line 
130 which indicates the target value of 
weight per unit area or thickness for the 
new specification. In accordance with a pre- 
ferred arrangement where a relatively small 
30 number of scales are needed, the left-hand 
quarter of the chart is reserved for marking 
scale, as by the line 126, and the right-hand 
quarter of the chart is reserved for marking 
composition as by the line 128. According 
35 to this arrangement, the actual measurements 
are recorded substantially only in the middle 
half of the recorder chart unless for some 
reason the measured material should deviate 
widely from specification. It should be under- 
40 stood that any portion of the recorder scale 
may be used. 

Where an automatic controller 36, Fig. 1, 
is used to automatically regulate the process, 
it is to be understood that the pen and the 
45 pointer 114 and 116 mechanism is mechanic- 
ally coupled to a target setting potentiometer 
tap as at 90a in Fig. 2 so that the target for 
the automatic controller is also set up auto- 
matical at the end of the chart identifica- 
50 tion and target marking sequence. 

The chart identification and target marking 
sequence performed by pen 114 and pointer 
116 is automatically repeated whenever for 
some reason the gauge source and detector 
55 is moved to an off-sheet position so that the 
gauge is not measuring. For example, the 
marking sequence is initiated automatically 
when the operator presses the combination 
OFF-SHEET lamp and pushbutton 150, 
€0 Fig. 5, to place the gauging head off-sheet. 
Referring now to Fig. 6, there is shown 
at 152 a power supply which provides a 
d.c. voltage between aB+ output line 154 
and a ground conection 156. The operator's 
65 local set-up command pushbutton of Fig. 



5 is here again referenced by the numeral 
136. This pushbutton actuates a set of nor- 
mally closed contacts 136a and a set of nor- 
mally open contacts 136b. At 158 is an 
INHIBIT switch, not shown in Fig. 5, which 70 
can be used at the operator's station or 
other location to block out the automatic 
supervisory control unit 48 of Fig. 1, thus 
preventing this unit from setting up the 
gauge when such automatic set-up is unde- 75 
sirable. 

In Fig. 6, the automatic supervisory con- 
trol unit is again shown as a box 48, and a 
dotted line 48a shows a mechanical connec- 
tion between the box 48 and a set of nor- 80 
mally open relay switch contacts 48b. Con- 
tacts 48b are used by the automatic super- 
visory control unit to deliver the set-up com- 
mand signal in the same manner that such a 
command signal is given by pressing the 85 
operator's pushbutton 136. 

Also shown are three relays 160, 162 and 
164. Relay 160 has a set of normally open 
contacts 160a which are shown to be associa- 
ted with relay 160 by a dotted line connec- 90 
tion. Relay 162 has two sets of normally 
open contacts 162a and 162b shown to be 
associated with relay 162 by other dotted 
line connections. Relay 164 has a set of nor- 
mally open contacts 164a shown to be 95 
associated with the relay by another dotted 
line connection. 

Relays 162 and 164 perform a holding 
circuit function when the gauge is set up by 
the automatic supervisory control unit 48. 100 
This occurs when unit 48 delivers its set-up 
command signal by momentarily closing con- 
tacts 48b. This energizes relay 162 through 
the normally closed pushbutton contacts 
136a and INHIBIT switch 158. When relay 105 
162 is energized, its contacts 162a close, in 
turn energizing relay 164. Relay 164 will 
then hold itself energized through its own 
contacts 164a and contacts 136a of the 
operator's pushbutton switch, even though 110 
relay 162 immediately drops out when con- 
tacts 48b open, in turn opening contacts 
162a. Relay 164 has two further sets of con- 
tacts in a circuit not shown, including a set 
of normally open contacts in the circuit for 115 
the REMOTE lamp 134 of Fig. 5, and a set 
of normally closed contacts in the circuit of 
the LOCAL lamp 136 of Fig. 5. As pre- 
viously pointed out, these lamps indicate 
whether the last specification was set up 120 
locally on the operator's control unit, or re- 
motely by the automatic supervisory control 
unit 48. 

A plurality of binary memory elements 
166a— 166n are provided to memorize the 125 
weight per unit area or thickness target value 
and the composition numbers selected by the 
use of the operator's thumbwheel switches, 
here shown in box 168, or by the automatic 
supervisory control unit 48. Any one of a 130 



number of binary memory elements well 
known in the art may be used, but for the 
purposes of illustration each of the binary 
memory elements as at 166a may comprise a 
bistable multivibrator circuit or flip-flop hav- 
ing a set input S, a reset input R, a first 
output A, which is energized to provide a 



However, the actual setup of these 
memory elements is not completed imme- 
diately, since in the actual apparatus there 
are a great many parallel-running wires con- 
nected to line 170, and a delay is needed to 
allow transcient pulses in these lines to be 
dissipated so that an incorrect setup does not 
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ment is reset, and a second output B wh ich 
10 provides a voltage signal output or logical 
one output when the bistable circuit is set by 
a signal applied to the set input S. While 
only two binary memory elements are shown, 
it is understood that sixteen or more memory 
elements may be required to memorize the 
specification target setting, and a lesser num- 
ber of additional memory elements will be 
required to memorize the composition in- 
formation. , 

The switches, here shown as box 168, may 
be of the thumbwheel type which are manu- 
factured and marketed under the trade name 
of EECoSWTTCH Series 300 by Engineered 
Electronics Company, Santa Ana, Califor- 
nia When the thumbwheel switches 168 are 
operated, the switches provide a plurality of 
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a differentiating circuit 172, a chpper circuit 
174 and a one-shot delay multivibrator 170 
whose output is connected to all of the reset 
inputs R of the binary elements. The input 
of differentiating circuit 172 is connected 
through an isolation diode 178 to line 170, 
so that when the pushbutton contacts 136b 
are closed to energize line 170, a differen- 
tiated and clipped pulse will turn on the 
delay multivibrator 176. During an appro- 
priate time delay of a few milliseconds, to 
allow the transients in the signal lines to be 
dissipated, multivibrator 176 provides a re- 
set signal to all of the reset inputs R of the 
binary memory elements. These elements are 
constructed so that each element is positively 
reset when the reset signal is applied regard- 
less of whether or not there is a signal on the 
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contacts as at 168a, which convert the dea- 
mal digit into output switch closures accord- 
ing to the basic binary code 8-4-2-1. Simi- 
larly, for each thumbwheel section as at 
144,' there will be four binary memory de- 
ments as at 166a. Similarly, to select any 
desired decimal digit, the automatic super- 
visory control unit 48 wil be adapted to pro- 
vide a set of momentary relay contact clo- 
sures, the relay contacts being represented 
at 48c and 48d 
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The memory elements are set up in a 
similar manner when the selection is made, 
and the command signal given, by the auto- 105 
matic supervisoiy control unit 48 using this 
unit's output coding signal contacts as at 48c 
and 48d and thereupon delivering the com- 
mand signal by closing the contacts 48b 
When the operator's pushbutton 136 is not 11U 
depressed and the contacts 136a thereof 
are closed, and when the INHIBIT switch 
contacts 158 are not open, the closure of 
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use the thumbwheel switches 168 to select 
his target and composition settings. He will 
then provide the setup command signal by 
pressing pushbutton 136. This opens con- 
tacts 136a and closes contacts 136b. The 
opening of contacts 136a will drop out the 
relay holding circuits above described in 
case they are energized at the time, and con- 
tacts 136b will momentarily energize relay 
160. The momentary signal which energizes 

i /en olm pnprofTA Hn*» 170 hv con- 



on line 184 to energize the contacts as at 115 
48c and 48d, connected through diodes as at 
186 and 188 to the set inputs S of the binary 
memory elements. When power is connected 
to line 184, the one-shot delay unit 176 is 
also energized, since differentiating circuit 120 
172 is connected to line 184 through diode 
190. The delay circuit 176 and the memory 
setup arrangement functions in the same 
manner as above described in the case where 
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Eurpose described, of indicating, by lighting 
imp 134, that the last setup of the gauge 
was made by the REMOTE automatic unit. 
The remainder of Fig. 6 is a schematic 
5 showing of a preferred form of sequencing 
unit for providing the timing and switching 
signals used in the automatic chart identi- 
fication and target marking sequence. The 
tuning and switching signals are derived 
10 from a sequencer output matrix 192. The 
output matrix is driven by a ripple shift re- 
gister 194 which is paced by clock pulses 
provided by a clock oscillator 196. Ripple 
register 194 has an initiate input I connected 
15 to one output B of a bistable element 198. 
The ripple register also has a reset input R 
connected to the output of an OR gate 200. 
Bistable element 198 is adapted to be 
switched "on" when a signal is received 
20 at its set input S, and is adapted to be 
switched off when a signal is received at its 
reset input R. Bistable element 198 is ar- 
ranged to be placed in its "set" condition 
when the setup command is given. To this 
25 end, its set input S is connected through a 
diode 202 and the normally open relay con- 
tacts 160a and 162b to power supply line 
154 through the contacts of a SEQUENCE 
HOLD switch 204. 
30 As previously described, relay contacts 
160a close momentarily when the setup 
command is given by pressing the operator's 
LOCAL setup pushbutton, and alternatively, 
relay contacts 162b are closed momentarily 
35 when the setup command is given by the 
automatic supervisory control unit 48 
Assuming that switch 204 is in the 
normal position shown, when one of 
these relay contacts closes, voltage is 
40 applied through diode 202 to line 206, which 
is connected to the set input S of bistable 
element 198 as well as to one input of the 
OR gate 200. This signal applied to OR 
gate 200 will be applied to the reset input R 
45 of the ripple register 194, and will reset the 
register if the same is not already reset by 
a signal at output A of bistable element 198 
which is energized when bistable element 198 
is in the reset condition. The signal on line 
50 206 applied to the set input S of bistable 
element 198 wil also trigger this element to 
its set condition. In its condition, bistable 
element 198 will produce a signal at its out- 
put B and the signal at its output A will be- 
55 come zero. Since the relay contacts 160a or 
162b close only momentarily, both inputs 
to OR gate 200 will now be zero and the 
reset signal will be removed from the reset 
input R of ripple register 194. 
60 Ripple register 194 is a well-known device 
comprising a chain of bistable elements such 
as flip-flops. When the output signal appears 
at the B output of bistable element 198, a 
pulse is applied via initiate input I of the 
65 ripple register to the first binary element in 



the chain, thus triggering the binary element 
to its binary 1 state, that is, inserting a 
binary 1 bit into the first bistable element. 
The signal on output B of bistable element 
198 is also applied to the enabling input E 70 
of clock oscillator 196, causing the clock 
to produce a series of time-spaced pulses 
which are fed to ripple register 194. These 
clock pulses cause the binary 1 bit which 
was inserted into the first bistable element -75 
of the register to be transferred from one 
bistable element to the next in succession. 
As each stage of the register receives the 
binary bit from the previous stage, the pre- 
vious stage is reset. ** * 80 

At least one register output line as at 
208 is connected to each bistable element 
in the register. As the binary bit progresses 
through the register, a signal is provided in 
succession on each output line, first line 85 
208, then other lines in the group 210 and 
thence on the next to the last output line 
212. The signal is present on only one line at 
a time, and exists for the period of time be- 
tween successive clock pulses provided by 90 
clock 196. The final output line 214 pro- 
vides a signal to the reset input R of the 
bistable element 198 to reset the same. When 
bistable element 198 is reset the signal on 
its output B is removed, and clock 196 is 95 
stopped. When the signal appears at A, the 
ripple register 194 is in turn reset. 

The sequencer output matrix 192 is a 
conventional matrix which can be wired so 
that an output will be present on one or 100 
more of the matrix output lines as at 216 
whenever a signal is present on any one line 
of a selected group of input lines as at 208 
to 212 from the shift register. Thus as the 
binary bit inserted into register 194 pro- 105 
gress&s through the register, a plurality of 
square wave switching signals are provided 
at the output of the matrix 1 92. 

As is shown by the waveforms, the switch- 
ing signals provided are identified as OUT- 110 
PUT SWITCHING, INPUT SWITCHING 
MARK SCALE, MARK COMPOSITION^ 
MARK TARGET, and OUTPUT CLAMP. 
The waveforms shown appear at the out- 
puts of transistor switch amplifiers as at 115 
218 represented by the small open triangles. 
The switch amplifier 218 is connected to a 
relay represented by the small circle at 220. 

The combination of the small triangle 218 
and the circle 220 is a logic circuit represen- 120 
tation of a relay driver circuit as shown in 
Fig. 7. Here it is seen that the small triangle 
222 represents a grounded emitter NPN 
transistor switch circuit 222a, and the small 
circle 224 represents the combination of a 125 
relay coil 224a with a diode 224b connected 
across the coil to suppress transient pulses 
caused by the inductive effect of the coil 
when it is deenergized. The coil and diode 
are connected between the B+ line 154 and 130 
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the collector of the transistor. The emitter 
of the transistor is grounded, as is the nega- 
tive side of the power supply 152. When 
there is no input signal to the base of the 

( 5 transistor, the relay coil is effectively discon- 
nected from the ground side of the power 
supply and the relay is not energized. When 
there is an input signal to the base of the 
transistor, there is effectively a direct con- 

;10 nection from the relay coil to ground and 
the relay is energized. 

In Fig. 8 it is seen that a small triangle by 
itself as at 226 represents a grounded emitter 
-transistor switch 226a. The collector of the 

15 transistor is connected through a load ele- 
ment such as a load resistor 228 to the By- 
line 154. The load resistor 228 is shown in 
■dotted lines, since it does not constitute 
a part of the transistor switch amplifier re- 

20 presented by the triangle 226. When there 
is no input signal to the base of the transis- 
tor the emitter to collector circuit is essen- 
tially open circuited, and the B-f- voltage 
appears at the output When there is an input 

.25 signal to the base of the transistor the emit- 
ter is essentially short circuited to the col- 
lector causing substantially the entire B+ 
voltage to be dropped across the load resistor 
228 and producing substantially zero volt- 

30 age at the output. _____ 
Referring again to Fig. 6, the OUPUI 
SWITCHING waveform appears at the out- 
put of a transistor switch amplifier 230 whose 
input is connected to the B output of bis- 

35 table element 198. The other timing voltage 
waveforms appear at the output of transis- 
tor switch amplifiers as at 218, whose inputs 
are connected to the outputs of matrix 192. 
The respective functions of INPUT 

40 SWITCHING, OUTPUT SWITCTING, 
MARK SCALE, MARK COMPOSITION, 
MARK TARGET and OUTPUT CLAMP, 
to be explained later, are performed when 
the respective voltages represented by the 

45 waveforms shown are driven to zero volts 
as shown by the OUTPUT CLAMP wave- 
form which energizes relay 220 when the 
iHitput of switch amplifier 218 is driven to 
zero on receiving an input signal. 

50 Reference has previously been made to 
SEQUENCE HOLD switch 204. This switch 
is used during calibration and checking of the 
chart identification and target marking sys- 
tem in older to hold the sequencing unit 

55 at any portion of its sequence. For example, 
it may be desired to hold the sequence at the 
MARK SCALE portion of the sequence 
during which the short trace is drawn on 
flie recorder at 126 in Fig. 5. This can be 

60 done without causing the sequence to be re- 
peated by throwing the SEQUENCE HOLD 
switch 204 to the alternative contact 204a. 
This disconnects the power to relay contacts 
160a and 162b as well as other circuits to be 

65 described, thus preventing a signal on line 



206 which would reset the ripple register 194. 
At this time the switch 204 will connect 
power supply line 154 instead to hold circuit 
line 240, thereby providing a disabling input 
D to the clock oscillator 196, thus preventing 70 
it from supplying shift pulses to register 
194. 

As is well known, provision is made in 
nuclear radiation gauges for moving the 
gauging head containing the radiation source 75 
and detector to an off-sheet position clear 
of the measured material. The gauge is 
periodically or occasionally moved off sheet 
by automatic means for purposes of auto- 
matic standardization, in a manner described, 80 
for example, in United States Patent No. 
2,829,268, issued April 1, 1958 to H. R. 
Chope. At other times the gauge may be 
placed off sheet by the operator for other 
reasons, such as for convenience in thread- 85 
ing the machine, by the use of an operator's 
control such as the off-sheet pushbutton 150 
shown in Fig. 5. 

When the gauge is off sheet and therefore 
not measuring, it is highly desirable that the 90 
chart identification and target marking, 
sequence be repeated, since this is not only 
of great convenience to the operator, but a 
valuable help to persons viewing the chart 
later. Accordingly, provision is made for 95 
automatically initiating the chart marking 
sequence when the gauge is placed off sheet. 
However, for reasons which will appear 
later, it is not desirable to initiate the 
sequence when the gauge is off sheet for the 100 
purpose of automatic standardization. 

At 242 there are shown the normally 
open contacts of an off-sheet (O.S.) relay 
whose functions are further explained in the 
aforementioned United States patent No. 105 
2.829,268. Contacts 242 of the off-sheet relay 
are closed when the gauge is to be moved to 
the off-sheet position, and remain closed 
during the time that the gauge remains off 
sheet The numeral 244 indicates the nor- 110 
mally closed contacts of a standardize relay. 
The standardize relay is energized and its 
contacts 244 are open while the gauge is 
automatically standardizing. When the 
SEQUENCE HOLD switch 204 is in its 115 
normal position as shown, and if the stan- 
dardize relay contacts 244 are closed as 
shown, when the off-sheet relay contacts 242 
close, the voltage from the B+ line 154 will 
be connected through the switch, the relay 120 
contacts and a pair of diodes 246 and 248 
to differentiating and clipping circuits 250 
and 252 which are adapted to transmit a 
momentary pulse to line 206 so as to start 
the chart identification and target marking 125 
sequence in the same manner that the sequ- 
ence can be started by closure of relay con- 
tacts 160a and 162b as described previously. 
The differentiating and clipping circuits are 
provided so that a momentary pulse will 130 
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reset the ripple shift register and set the bis- 
table element 198 to start the clock. If a 
direct connection were made from the off- 
sheet relay contacts to line 206, since the 
5 off-sheet relay contacts 242 remain closed all 
the time the gauge is off sheet, power would 
remain on line 206 and the reset signal would 
be maintained during the time that the gauge 
was off sheet. Thus no sequencing action 

10 would occur. 

For convenience in servicing the equip- 
ment, a manual SEQUENCE INITIATE 
SWITCH 254 is provided in a convenient 
location so that the sequence can be initiated 

15 manually. While the sequence unit has been 
shown and described as embodied in a pre- 
ferred form, it is apparent that other types 
of sequencing units blown in the art can be 
used instead. For example, a motor driven 

20 cam-operated switching arrangement such as 
that described in the above-referenced United 
States patent No. 2,829,268 for sequencing 
the automatic standardization cycle can be 
used. 

25 In Fig. 9, there is shown a column 166 of 
the binary memory elements corresponding 
to memory elements 166a and 166n of Fig. 
6. Here the elements labeled 8A, 4A, 2A and 
1A are used to memorize the least significant 

30 decimal digit selected by thumbwheel switch 
144 of Fig. 5. The number is coded into 
these memory elements according to the 
basic binary code 84-2-1 for the reasons pre- 
viously enumerated, although any other de- 

35 sired code may be used. Similarly, the 
memory elements labeled 8B, 4B, 2B and IB 
are used to memorize the next to the least 
significant digit in the chosen target value 
which is set by thumbwheel switch 142 of 

40 Fig. 5. Likewise the memory elements 8C 
4C, 2C and 1C are used to memorize the 
most significant decimal digit set on thumb- 
wheel switch 140. 
The three "decades" of memory elements 

45 are sufficient to memorize any decimal num- 
ber from 001 to 999 which may be set on 
the three-digit thumbwheel dials shown in 
Fig. 5. However, for a few applications, lar- 
ger target numbers are needed, and hence 

50 additional switches and one or more addi- 
tional memory elements may be required. 
For example, the addition of only one addi- 
tional memory element ID is sufficient to in- 
crease the memory capacity to include num- 

55 bers from 0001 to 1999. 

In die lower left-hand corner of Fig. 9, 
there is a further set of memory elements 
in a column 166co, and these memory ele- 
ments are used to memorize the composition 

60 number chosen by thumbwheel switches 146 
and 148 of Fig. 5. Here only three memory 
elements labeled 4E, 2E and IE, associated 
with thumbwheel switch 148, Fig. 5, are 
shown to be actively used to memorize up to 

65 seven composition numbers. Again in this 



case, the number of memory elements to be 
used in a particular gauge depends on the 
number of different compositions for which 
the gauge is to be calibrated. 

Connected to the outputs of the memory 70 
elements in the group 8C, 4C, 2C and 1C is 
a decoding matrix 260. This is a conven- 
tional resistor matrix in which the letter A 
at the inter-section of a horizontal and a ver- 
tical conductor represents a resistor of a 75 
particular ohmage value connected between 
the horizontal and vertical conductors as 
shown in Fig. 10, according to a conven- 
tional notation. In a typical apparatus con- 
structed according to Fig. 9, the "A" resis- 80 
tors used have a value of 270K ohms, the 
"B" resistors have a value of 3.9K ohms, 
and the "C value resistors have a value of 
120K ohms. 

From the pattern of the "A" resistors 85 
shown in the decoding matrix 260, it is 
apparent that this matrix is arranged to con- 
vert the binary coded decimal output of the 
memory units to a decimal output wherein 
a signal on one of the nine vertical conduc- 90 
tors represents a decimal digit between zero 
and eight. These vertical lines are connected 
to the inputs of transistor switch amplifiers in 
group 262. With reference also to Fig. 8, 
it is seen that the "B" resistors in group 95 
264, connected to the outputs of the switch 
amplifiers, represent resistors as at 228 con- 
nected to the B+ line 154. 

It is not necessary for the scale selection 
purposes described herein to translate the 100 
binary code to a decimal code as illustrated 
but this is a preferred construction since it is 
frequently simpler to group and identify 
decimal information than binary informa- 
tion. This grouping and identifying is the 105 
essence of scale selection. To simplify the 
drawing, only the portion of the decoder 
matrix 260 which examines the output of 
memory elements 8C, 4C. 2C, and 1C is 
shown. However, it is understood that the 110 
matrix 260 is extended so that the outputs 
of the other memory units can be examined 
also where required to make available the 
signals indicative of the values of the addi- 
tional decimal digits. 115 

For scale selection purposes, the outputs 
of switch amplifiers 262 are fed through input 
resistors 268 to phase inverter switch ampli- 
fiers in group 270, whose outputs are in turn 
connected to a scale selector matrix 272. 120 

To illustrate a simplified technique for 
scale selection which can be used in a great 
many applications, matrix 272 is shown re- 
ceiving inputs also from a further switch 
amplifier 274 and a phase inverter amplifier 125 
276. Switch amplifier 274 is a NOR circuit 
amplifier which receives signals at its two 
input resistors 278 from a pair of AND gates 
connected in the output circuits of memory 
units 8B, 4B, 2B, and IB. The first AND 130 
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40 rrS?SSws a SrSSasar-%- 

5. Accordingly, the scale 350-450 wiu oe J^y^j^ & selectively lighted lamps 

snr. u« <** »• *- jSofiSrti saws* m 

«n " The automatically selected scale is uni- of the switch transistor amplifiers m group 125 

65 i^^l^ oi SwtoseltclorouV «J. scafc output, the™ bong on. top a. 130 
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SVFtl "* ° f StripS 38 at % drcuit5 322a t0 322h. The connection 

The sSe outputs are further fed to a scale to Sf ^rS^SSK 

5 rfi 1 *?* n^, 316 - A sec - ond section circuTS fe 8 shown T^lift the 

, ? n ^^ e r rk J? ,eC ! 0r ^ xisshown drawin & *e other signal fines areTSn as 70 

h,^A» ~ A CCOrdm8 A t0 ^ P Iacement <> f enclosed in a cable 362 which raS? to 

the A resistors in the matrix 316 (and the urout section w . » i 

faPm"*" OUtpUt - Signals are ^leTay not oe Sd inKpStus 

fed to the scale mark input section shown t a a- • apparatus. 

10 enclosed by the dotted line box 320 of a , • addltl0n t0 receiving a scale mark selec- 
plurality of chart identification and marking j°l,? pUt 2 nd / ^PO^on mark selector 75 
logic circuits 322a to 322h. Circuits 322a to SRu* • of lo & c circuit s 322a to 
322h generally are all identical and accord- r™ I! 061 * 68 a taiget maric ^'^or input 
ingly only the first circuit 322a is shown in 2?" A out P"t of one of the memory 

15 detail within the dotted line box labeled „ 0 ments m ^"P 166 - Th «s, logic circuit 
322a. Each of these circuits has an input ter- iZTt"*^ a target signal "P" 4 via lme 8 " 
minal as at 324 in the group enclosed by tuJ^Ti-Z ° Ut ? ut . of ^ e 8A memory 
box 320. connected to the matrix 316 (and Si? . L ^wise logic circuit 322b re- 

^ 318). Only the first matrix output line 326 ™^A agnaI via ^ 366 from the A out- 

20 and the last output line 328 are shown con- SSL a i i , memo 5y dement, and so on, 
nected to their respective terminals 324 £zL ■ "f circuit 322h receiving a 85 
and 330. with the other lines being shown SJZlX 1 from me A of memory 

for simplicity in a cable 332 which connects Meme . nt 1B - 

the matrix output lines to the input terminals K . function of these logic circuits 

^5 m box 320. In the actual apparatus such a to f 51 ? 6 the target signals, the composition 

cable is not necessarily used. niark signals, and the scale mark signals 90 

The scale outputs 292 and 302 are further and *° operate a set of relay drivers 370 

?L mt0 " ana] og division and analog A ? shown the dashed line 372 the relay 

shift selector matrix 340 having a second dnvers swit ch a digital potentiometer 374 

™ at »» section shown enclosed in box 342. c ?nnected in a bridge circuit 376 Bridce 

By suitably placing a plurality of "C" re- °*owt 376 forms a part of a digital sienal 95 

sistors in matrix 340 (and 342) selected toa nalog position converter arrangement 378 

outputs may be obtained from the matrix for wn,ch the chart identification and tar- 

providing input signals to relay driver switch get marking pen and pointer 116 on the re- 

M amplifiers 344. which selectively energize cord , e . r to move to the proper position for 

relays in group 346 which are referred to mari "ng scale, composition and target 100 
generally as analog division and analog shift Each of the relav circuitc l7n in-iwu. 

relays. The scale outputs 292 and 302 are switch amplMer as at 38rt Sth V * 

still further fed to range sdectorlogic dr putresXsSlg? m6 138? R^f' b,e «; 

40 cuits here shown collectively in a box 348. and 386 are conned tc toe B+ W ?S 

While these connections are here indicated through "B" resist* a ; at 388 fccw in. 

by the representation of .cables 347 and 382 is^sinularly^onnStld £ a ^switch^ B4- ° 

349 to simplify the drawing, it is to be line 390 which islSed tTSSiSl 

understood that such cables are not neces- switch 392 in reLS ff a MARKER 

45 sanly used m the actud apparatus. GET signal on u£m Tte MAJUC TAR* 

The range selector logic circuits also re- GET s|nal line 394 is in J4.„' 

ceive composition inputs obtained via switch 6 to bethe cute* hL [rom^lf^ "° 

amplifiers 350 connected to the output of a switch 396 connected to ^tnST^ 

composiuon identification matrix 352 which sequencer matrix 1% When t£ mIr^ 

50 m turn receives the outputs of the composi- TARGET signal is off thaUs whS 0f££ 

tion memory units 166 w . The composition age on line 394 " Tnot zerc t™«L^ j£; 

outouts m order to identify composition. be anfaput Sough resSor 382 unW* 1 ? 

The outputs 354 of switch amplifi ers 350. voltage "fad Toi raS Hnil^ 

60 in addition to being fed to range selector via^n input resist^ l ^LtLlu 

togic aronts 348 are fed. via lines as at 356 fier 398a. which fa thfe cL iflffri?& i^s 

nril^- rt, ? n m 1 rk ?P u .t section, com- signal applied through taiSte 82 

pnsme terminals enclosed within the dotted zero. It will be S rtE? af i?I • 

rectangle 358, for providing input signals the comment S£S^A^3mS 

«5 to the scale, composition and target marking memoryW 5k? Tfa2 a vSft is pre- 
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sent when memory element 8A is reset. Thus 
there will be no input through resistor 382 to 
amplifier 380 when memory element 8A is 
turned off or reset 
5 Resistor 384 is connected to the unswitched 
B+ line 154 through a "B" resistor 400, 
and thus there will be an input via resistor 
394 unless a voltage is applied to the input 
of switch amplifier 402. Such an input volt- 

10 age can be applied either through an input 
resistor 404 or an "A" resistor 405. Resistor 
404 is connected to a resistor 406 which 
receives B+ voltage from line 154. However, 
if a voltage applied to the input of switch 

15 amplifier 408, the amplifier 408 will drive 
the junction of resistors 404 and 406 sub- 
stantially to a zero voltage level and accord- 
ingly there will be no input to switch ampli- 
fier 402 through resistor 404. The other m- 

20 out to switch amplifier 402 is connected by 
"A resistor 405 to the MARK COMPOSI- 
TION signal line 410 which is in turn con- 
nected to the output of a switch amplifier 
412 Amplifier 412 is also shown in Fig. 6, 

25 and its input is driven from the sequencer 
matrix 192 output As appears from the 
MARK COMPOSITION waveform shown, 
switch amplifier 412 drives the ^voltage on 
line 410 to zero when the MARK COM- 

30 POSITION signal is on. Accordrnglv there 
is no inout voltage to amplifier 402 via A 
resistoMOS durlg the MARK COMPOSI- 
TION interval. However, as aforesaid, there 
is a voltage present via input resistor 404 and 

35 "B" resistor 406 unless a voltage is pre- 
sent at the input of amplifier 408. Such a 
voltage will be provided to the input of am- 
plifier 408 when there is a composition mark 
iignal derived via composition mark selec- 

40 tormatrix 352 and one of the grounded 
emitter switch amplifiers 350 whose collec- 
tor is not grounded. Thus switch amplifier 
402 has a voltage applied to its .input atall 
times except during the MARK COMPO- 

45 SITION interval, and then only when a com- 
position mark signal is present from one of 
switch amplifiers 350. Also, since ampli- 
fier 402 is a phase inverter, there is no jolt- 
a°e applied through input resistor 384 to 

50 switch amplifier 380 except during the 
MARK COMPOSITION interval, and then 
only when a composition mark signal is pre- 
sent 

The logic circuits associated with the scale 
55 marking function, including input resistor 
386 "B" resistor 388. switch amplifier 414, 
"A" resistor 416, resistor 418, "B" resistor 
420 and switch amplifier 422 are connected 
in the same manner as the logic circuits asso- 
60 dated with the composition marking func- 
tion, except that the "A" resistor is con- 
nected to the MARK SCALE signal line 424 
from the sequencing unit and that switch am- 
olifier 422 receives its input from scale marie 
65 selector matrix 316 (and/or 318). Likewise 



the circuit functions in the same manner, so 
that there is no voltage applied through in- 
put resistor 386 except during the MARK 
SCALE interval, and then only when a scale 
mark signal is present. 

Resistors 384 and 386 and their counter- 
parts in other logic circuits 322b through 
322h are not always present They are pre- 
sent only as needed to turn on relay drivers 
370 according to the scale, composition and 
target marking requirements. 

According to another embodiment of the 
invention (not shown), in logic circuit 322a 
as shown in Fig. 9 the outputs of switch 
amplifiers 402 and 414 and their counter- 
parts in logic circuits 322b through 322h are 
placed in a matrix similar to 272 or 352. 
The other lines in the matrix are the inputs to 
relay driver amplifiers as at 370— drivers 
380, 440, 442 etc. In this manner the out- 
put of any of the scale or composition ampli- 
fiers 402a— 402h (not shown) and 414a-^14h 
(not shown) may be used to drive any one of 
the relays. 

To summarize the operation of the chart 
identification and target marking logic cir- 
cuit unit 322a, the relay driver switch ampli- 
fier 380 receives no signal via any of its 
three input resistors 382, 384 and 386. and 
its associated relay 430 is de-energized at 
all times except during the MARK SCALE, 
MARK COMPOSITION and MARK 
TARGET intervals, and then only when a 
scale mark, composition mark or target sig- 
nal is present during its appropriate interval. 
As was previously mentioned, the other logic 
circuit units 322b— 322h, which also receive 
the B+ and switched B+ voltages as well as 
the MARK SCALE, MARK COMPOSI- 
TION and MARK TARGET inputs, func- 
tion in the same manner. 

The individual "outputs" of relay driver 
circuits 370 are indicated by dotted lines 
labeled 2*A, 4A, 2A. 1A, 2"B. 4B, 2B and 
IB. This indicates that these relays provide 110 
an output in the binary coded decimal code 

2 J A — 2 — 1 which is sometimes referred to 

as the modified Aiken code. This preferred 
code, or some other code whose digits aos 2, 
4, 2 and 1 add up to nine, greatly simplifies 115 
the form of the digital potentiometer 374 
for its intended purpose. The 2 1 — 4— 2— 1 
code, as used to represent a single decimal 
digit, is the same as the basic binary code 
except in the case of the decimal numbers 120 
8 and 9, which are represented respectively 
by the binary numbers 1110 and 1111 instead 
of by 1000 and 1001 as in the basic binary 
code. 

A simple translation of the 8 — 4 — 2—1 
code signals provided by memory elements 
166 into the 2 1 — 4— 2— 1 code signals pro- 
vided by relay drivers 370 is effected by the 
use of four diodes 432, 434, 436 and 438 
connected in conventional manner. Diodes 130 
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432 and 434 connect the output of the 
switch amplifier 398a to the outputs of the 
next two switch amplifiers 398b and 398c 
which are associated with the 4A and 2A re- 
5 lay driver inputs. The effect of this arrange- 
ment is that when amplifier 380 receives an 
input voltage, from the output of amplifier 
398d, representing the decimal number 8 
in the 8—4 — 2—1 code, this voltage is also 

10 applied as an input signal to the next two 
amplifiers, 440 and 442, thus changing the 
relay driver input signals representing 1000 
and 1001 to 1110 and 1111. Since the diodes 
conduct in one direction only, output volt- 

15 age from amplifier 398b or 398c is not ap- 
plied to amplifier 380. A similar translation 
is effected by diodes 436 and 438 for the 
next decade. 
As was previously stated, and as indicated 

20 by the dashed line 372, the contacts of the 
relays, as at 430, are used to switch a digital 
potentiometer 374 in the bridge circuit 376. 
The bridge circuit further includes what are 
referred to as "analog division and analog 

25 shift" resistance elements 450a, 450b, 452a 
and 452b, whose functions are more fully 
explained hereinafter with reference to Fie. 
11. 

As is shown by the dashed lines, in general, 
30 resistance elements 450a and 450b are 
switched by a set of relays 454, 456, 458 and 
460. Similarly the resistance elements 452a 
and 452b are switched by a set of relays 
462, 464 and 466. These relays operate dur- 
35 ing the MARK TARGET interval in ac- 
cordance with selector signals from matrix 
340 (and 342) which operate the relay driver 
amplifiers in group 344. However, during 
the MARK SCALE and MARK COM- 
40 POSITION intervals, according to one pre- 
ferred scheme for marking scale and compo- 
sition in accordance with Fig. 5, it is required 
that certain ones of the relays be positively 
deenergized regardless of the presence or 
45 absence of the selector signals. 

According to the particular arrangement 
here illustrated, the relays 454, 464 and 466 
which are required to be positively energized 
during the scale and composition marking 
50 interval are connected to the B+ line 154. 
Their driver amplifiers 344 are connected to 
signal line 474 through inverting amplifier 
470 and resistors of matrix 340 (and 342). 
Signal line 474 is in turn connected through 
55 diodes 476 and 478 to the signal lines 410 
and 424 which carry the MARK SCALE 
and MARK COMPOSITION signals gener- 
ated at the sequencer output As previously 
explained, these signal lines are driven to 
60 zero voltage during the respective composi- 
tion and scale marking intervals. Hence, 
line 474 is at essentially zero voltage during 
both of these intervals. Inverting amplifier 
470 changes the signals at its output 475 
65 to essentially B+ line 154 voltage. As des- 



cribed previously, connection of a matrix re- 
sistor 473 from essentially B+ line 154 to the 
input of a relay driver 344 will cause the 
relay 454 to energize. Drivers 344 are 
essentially inverting amplifiers. Therefore 70 
a B+ signal input will cause the output to 
be approximately ground or zero potential. 
Thus, with one end of relay 454 connected to 
B+ line 154 and the other end connected to 
zero potential, the relay 454 will be ener- 75 
gized. 

The relays 456, 458, 460, 462 and 468, 
which are required to be positively deener- 
gized during the MARK SCALE and MARK 
COMPOSITION intervals, receive power 80 
from a switched B+ line 480 which is con- 
trolled by switch transistors 472 and 482. 
Normally, a positive bias is maintained on 
the base of the transistor 482 via resistor 
484 which is connected to the B4- line 154, 85 
so that the switched B+ voltage is main- 
tained on line 480. The base of transistor 
482 is further connected through inverting 
amplifier or switch 472 to line 475, so that 
when line 474 is driven to zero voltage dur- 90 
ing the MARK SCALE and MARK COM- 
POSITION intervals, line 475 is driven to 
B+ voltage, inverter 472 output is driven to 
zero voltage so that transistor 482 will cut 
off the switched B+ voltage to line 480. 95 
Thus, not matter what the input to drivers 
344 may be as a result of scale signals 292 
and matrix 340, the relays 456, 458, 460, 
462 and 468 cannot be energized during the 
scale or composition mark intervals. 100 

The bridge circuit 376 shown in Fig. 9 is 
of the automatic servo rebalancing type in- 
cluding a slidewire 490 with a slide-wire arm 
or wiper which is driven by a servo motor 
492. Motor 492 is energized by a servo 105 
amplifier 494 in response to any unbalance 
signal from the bridge circuit according to 
a well-known arrangement According to 
the preferred embodiment of the invention 
described herein, the use of the servo ampli- 1 10 
fier 494 is time shared between the chart 
identification and target marking servo ar- 
rangement and the gauge measuring servo 
arrangement. This is appropriate since the 
gauge is not measuring while the chart 115 
identification and target marking sequence is 
in progress. 

Referring now to Fig. 11. the left-hand side 
of the drawing shows the bridge circuit 376 
including the digital potentiometer 374 and 120 
the analog division and shift relays of group 
346 in Fig. 9 with their respective switching 
contacts. The upper right-hand corner of the 
drawing shows a portion of the recorder 
32a of Fig. 5 with its scale assembly 12, the 125 
radiation eauge measuring pointer 110, and 
the identification and target indicating poin- 
ter 116. Included is a showing of parts of 
Fig. 2 including the radiation detector 28a, 
feedback amplifier 52 and bridge circuit 54. 130 
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Included in the showing of the radiation 
gauge circuit is a standardizing sequence unit 
500 for providing the timing and switching 
functions used in the automatic standanliza- 
5 tion of the gauge and which is explained in 
detail in the above-referenced Patent No. 
2,829,268 of H. R. Chope. The lower right- 
hand corner of the drawing shows the servo 
amplifier 494 with its input and output 

10 switching circuits. According to the pre- 
ferred form of the present invention, the out- 
put of the amplifier is time-shared by four 
motors, including the chart identification 
and target marking pen motor 492, the radi- 

15 ation gauge measuring pen motor 58 which 
corresponds to pen motor 58 in Fig. 2, a 
"zero'* servo motor 502 which is used to 
adjust the feedback amplifier 52 via potentio- 
meter 62 to insure that there is zero output 

20 from the amplifier when there is zero input 
thereto, and a "source" motor 504 which 
is used to automatically adjust potentio- 
meter 66 in the bridge circuit for source stan- 
dardization purposes. As is shown by the 

25 dotted lines 506 and 508, respectively 
labeled "zero" and "source" it is indicated 
that any one of the three motors 58, 502 and 
504 can be selected to be operated by the 
standardizing sequencing unit 500. This ar- 

30 rangement need not be explained herein, 
since it is described in detail in the Chope 
United States Patent 2,829,268. A more 
extensive standardization arrangement 
wherein the output of the servo amplifier is 

35 time-shared among four motors is also ex- 
plained in United States Patent No. 
2,951,161 issued August 30, 1960 to George 
B. Foster et al. 

In the circuit of Fig. 11, there is shown an 

40 output switching relay 510 which is ener- 
gized during the period as shown by the 
OUTPUT SWITCHING waveform appear- 
ing in Fig. 6 at the output of relay driver 
switch amplifier 230. During the chart iden- 

45 tification and target marking sequence, relay 
510 is energized from the B+ line 154 when 
amplifier 230 drives its output voltage to 
zero. Contacts 510a of relay 510 then short 
circuit the motors 58, 502 and 504. At the 

50 same time this relay opens its contacts 510b. 
At this instant, motor 492 is also short cir- 
cuited by a set of normally closed contacts 
220a of the output clamp relay 220. Also at 
this time, a dummy load resistor 512 is con- 

55 nected across the output of the servo ampli- 
fier to prevent open circuiting its output 
The output clamp relay 220 is also shown in 
Fig. 6 to be energized when the OUTPUT 
CLAMP voltage wavefonn at the output of 

60 switch amplifier 218 is zero. At this time, 
relay contacts 220a open, connecting the 
servo amplifier 494 output across motor 492, 
an1 a1<o relay contacts 220b close, thus short 
circuiting the dummy load resistor 51Z The 

65 output of the servo amplifier 494 can now 



drive motor 492 causing it to drive the chart 
identification and target marking pen and 
pointer 116. It should be noted on the time 
sequence chart of Fig, 6 that servo amplifier 
494 output is placed across resistor 512 dur- 70 
ing all input switching periods. Also note 
that during relay 220 transit time— during 
which contacts 220a are open and contacts 
220b are not yet closed— the amplifier 494 
output is placed across resistor 512 and 75 
motor 492 in series. The latter condition 
will recur when relay 220 is deenergized. 
The result of this switching method is essen- 
tially to eliminate any undesirable motor ac- 
tion during switching of servo amplifier 494 80 
input or output. Referring now to the input 
circuits of servo amplifier 494, one input 
line 514 to the amplifier is shown con- 
nected to the output of the radiation gauge 
feedback amplifier 52 via a line 516, a set 85 
of resistors 518, 519, 520, 522 and 524 and 
further through a set of normally closed con- 
tacts 526tf of an input switching relay 526. 
The output of feedback amplifier 52 is taken 
with respect to ground, and hence the other 90 
input line 527 of servo amplifier 494 is con- 
nected to ground 156 through another set of 
normally closed contacts 5266 of relay 526. 
This input connection by relay 526 is main- 
tained while the gauge is measuring or Stan- 95 
dardizing. 

The resistors 518 to 524 are referred to as 
gain changing resistors which control the 
input signal level to servo amplifier 494 
which is obtained for a given signal output 100 
from feedback amplifier 52. As is explained 
in the above-referenced Chope United States 
Patent 2,790,945, the output of feedback 
amplifier 52 has an amplitude which is pro- 
portional to the deviation of the mechanical 105 
members driven by the currently used one of 
servo motors 58, 502 or 504 from the posi- 
tion that the mechanical members should 
occupy according to the value of the input 
signal. As is well known in the servo- 110 
mechanism art, when the gain of the system 
is too high the system will oscillate, whereas 
if the gain is too low the system will be slug- 
gish and unresponsive. 

Referring to Fig. 3 and the transmittance 115 
curve 80 thereon, it is seen that a change in 
weight per unit area W Ll to W L , produces a 
lai^e change O,— O a in the detector output 
With reference to Fig. 2, to measure this 
extent of weight per unit area by causing it 120 
to drive the pointer 72 from one end of the 
scale 74 to the other, the span setting poten- 
tiometer 70 must have its wiper 71 set well 
toward the top or slidewire wiper 56a end 
of potentiometer 70 to obtain a large portion 125 
of the slidewire deflection voltage. If on the 
other hand, the weight per unit area to be 
presented full scale is W u to W L3 , the corre- 
sponding detector output variation 0 4 — O a 
is quite small, and accordingly potentiometer 130 



tap 71 will need to be set fairly well toward 
the bottom of the potentiometer 70 so as to 
pick off only a small portion of the slidewire 
deflection voltage. Thus the feedback ampli- 
5 fier receives a larger signal and produces a 
greater output for a given deviation of the 
mechanical servo from the balance point 
when measuring from W Ll to W La than it 
does when measuring from W u to W u . 

10 In order to keep the gain of the mecha- 
nical servo system nearly the same when 
scales are changed, resistors 518 and 519 
are adapted to be selectively short 
circuited by contacts 528a and 530a 

15 of a pair of gain changing relays 
528 and 530, This is to cause the amplifier 
input current, for a given amount of devia- 
tion of the slidewire tape position from the 
null position, to be about the same on each 

20 scale. 

Relays 528 and 530 are operated by a pair 
of switch amplifiers 532 and 534 also shown 
in Fig. 12. The relay drivers arc operated 
according to the placement of "A" resistors 

25 in a gain selector matrix 536 connected to 
the scale selector outputs 292 and 302 of 
Fig. 9. Since the deviation between the dif- 
ferent transmittance curves 76, 78 and 80 of 
Fig. 3 is greatly exaggerated for clarity, for 

30 gain changing purposes which do not re- 
quire high accuracy, there is no substantial 
difference between one transmittance curve 
and another, and accordingly each scale as at 
Wli to W L2 uses the same gain setting for 

35 servo amplifier 494 whether the measured 
material has transmittance curve 76, 78, or 
80. While only two gain changing resistors 
518 and 519 are shown in Fig. 11 to be se- 
lected by the scale outputs, at least five of 

40 such gain change resistors with different 
values are provided ordinarily. The addi- 
tional relay drivers required to switch the 
additional resistors are shown in Fig. 12. 
To provide the proper gain for the dec- 

45 tromechanical servosystem when standard- 
izing, gain resistors 522 and 524 are shunted 
by relay contacts operated by the standardi- 
zing sequence unit 500. The contacts 
operated during source standardization 

50 and zero standardization are arranged 
to short out the other resistors and to allow 
only the appropriate one of resistances 522 
and 524 to be in circuit as required. 
When the input switching relay 526, also 

55 shown in Fig. 6, is energized during the inter- 
val when the INPUT SWITCHING wave- 
form is at zero voltage, the servo amplifier 
494 has its input disconnected from the radi- 
ation gauging circuit and connected instead 

60 to the chart identification and target marking 
system bridge circuit 376. When relay 526 
is energized, its contacts 526a and 526b open, 
disconnecting line 540 of the radiation gauge 
circuit from amplifier input line 514 while 

65 relay contacts 526c connect line 540 direcdy 



to ground 156. Contacts 526b disconnect the 
servo amplifier input line 527 from ground, 
and contacts 426d connect it instead to line 
542 from the digital potentiometer 374. Re- 
lay contacts 526e connect the other input line 70 
514 of the servo amplifier to line 544, which 
is connected to the tap 490a of the slide- 
wire 490. 

This input switching is done while all of 
the motors 58, 502, 504 and 492 are shorted, 75 
and while the output of the servo amplifier 
^ connected across the dummy load resistor 

i7i These connections are maintained also 
while any switching is being performed by 
the relays controlling the switching of re- 80 
sistors in the bridge circuit 376. In the 
bridge circuit, the switching is performed 
w^r^I^^S and toe end of each of the 
MARK SCALE, MARK COMPOSITION 
and MARK TARGET intervals. In the 85 
middle of each of these intervals, when no 
switching is being done in the bridge circuit 
as shown by the OUTPUT CLAMP wave- 
form, Fig. 6, relay 220 will be energized, 
disconnecting the short circuit across motor 90 
492 and placing a short circuit across dummy 
load resistor 512. The output of the servo 
amplifier 494 is now connected across the 
servo motor 492 so that the latter can drive 
the slidewire tape 490a, the marking pen 114 95 
(Fig. 5) and the pointer 116. 

During the MARK TARGET interval the 
servo motor 492 also sets up the target for 
the automatic controller, if such a controller 
is used, in the same manner that the target is 100 
set up manually by control knob 94 in the 
simplified circuit of Fig. 2. It is realized of 
course, that the chart identification and tar- 
get marking arrangement is of great benefit 
to the process machine operator and to per- 105 
sons later viewing the chart even though no 
automatic controller is used with the gauge 

The bridge circuit 374, in combination 
wito the servo amplifier and rebalancing 
motor, constitutes a highly versatile digital 110 
signal to analog converter, particularly 
adapted for the purposes described herein. 
Ihe usual type of electromechanical con- 
verter is unsuited to the present purpose be- 
cause with the multiscale system required in 115 
the radiation gauge a given digital input 
number does not always represent the same 
position of the output member such as the 
punter 11& On the contrary.where there are 
a multiplicity of scales in various combina- 120 
tions required in a particular gauge it is 
not unusual for a given digital number to 
be required to position the pointer 116 at 
several different positions because of the 
complicated overlapping of scales required. 125 
To perform such a function with the ordinary 
digital to analog converter, the digital input 
numbers would first have to be multiplied 
by conversion factors relating the input num- 
bers to the fixed converter position output 130 
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code, thus requiring the use of the arith- 
metic elements of a digital computer, which 
is not generally available to all users of radi- 
ation gauges. The same results are obtained 
: 5 using only simple logic circuits when the 
digital to analog converter of Fig. 11 is 

The digital potentiometer 374 utilizes a 
conventional arrangement of resistors paral- 

10 kled by switched contacts, and with the 
resistor values selected according to the 
modified Aiken code 2 l — 4— 2— 1. The 
digital potentiometer comprises pairs of re- 
sistors with each resistor in each pair having 

15 the same value, and with each pair being 
switched by a relay such as relay 430. The 
first decade of the potentiometer includes re- 
sistors having values R. 2R, 4R and 2R as 
shown on the drawing. The second decade 

20 of the potentiometer utilizes resistor values 
10R, 20R, 40R and 20R as shown on the 
drawing. Since when one resistor in a pair 
is shorted by the contacts of its associated 
relay the other resistor of the same value 

25 in the pair has the short circuit across it re- 
moved by the contacts of the same relay, the 
total resistance of the potentiometer appear- 
ing between points 374a and 374b is con- 
stant. This is only true to the degree of the 

30 precision of the resistor pairs, of course. 
However, when a voltage is applied to point 
374a with respect to point 374b, the voltage 
at point 374a can be divided into 100 equal 
increments, and any whole number of toe 

35 increments can be applied to the output 374c 
of the potentiometer which is connected to its 
output line 542. This of course assumes 
that there is no load on the potentiometer, 
which there is not when the bridge circuit 

40 376 is balanced. _ . 

Voltage is fed to the digital potentiometer 
from a d.c power supply 550 through analog 
division resistors as at 552 and 554. Four of 
these resistors are connected in series between 

45 the positive side of the power supply and 
the one end 374a of the digital potentio- 
meter. Likewise, four of these resistors as at 
554 are connected between the negative side 
of the power supply and the other end 374b 

50 of the digital potentiometer. m m 

In the example herein given where it is 
desired to mark the target value or speci- 
fication value in the center half of the re- 
corder chart 102, with reference to the center 

55 half of the index scale assembly 112, the 
value of each of the resistors as at 552 and 
554 is chosen to have a resistance of R , 
where R 1 is nominally 24 times as large as 
the unit resistance R of the digital potentio- 

60 meter. The four resistors as at 552 con- 
nected between the positive side of the power 
supply and the end 374a of the digital poten- 
tiometer have a combined resistance value of 
4R 1 or 4 " resistance units'* where the resis- 

65 tance unit is R 1 . The digital potentiometer 



374 is shunted by a resistor 556 so that its 
total resistance, including the resistance of 
a resistor 558 which is not arranged to be 
shorted by relay contacts, is precisely equal 
to 4R 1 or 4 "resistance units". Now each of 70 
the ninety-nine equal increments of the volt- 
age between the end 374b of the digital 
potentiometer and its output 374c is precisely 
one twenty-fifth of the voltage which will 
appear across one of the resistors as at 552 75 
having the unit resistance value R 1 . 

Each end ol slidewire 490 is connected 
to the power supply through an end rheostat 
as at 556 and three resistors 558, 560 and 
562 The slidewire has a total resistance 80 
somewhat greater than 2R 1 , this being the 
reason for selecting the values of R 1 and R 
in the first place. The mechanical connec- 
tion between the slidewire tap 490a and the 
marking pen and pointer 116 is adjusted 85 
approximately so that when the tap 490a is 
located midway between the ends of the 
slidewire 490, the pen and pointer 116 is 
centered with reference to the scale assembly 
112. 90 

The final adjustments, for obtaining the 
proper pen and pointer position with refer- 
ence to the position of the tap 490a with 
the bridge electrically balanced, are made 
electrically by using the centering rheostats 95 
as at 556 at the ends of the slidewire and 
by adjusting the value of a shunting resis- 
tance comprising resistors 564, 566 and a 
rheostat 568. When the adjustments are 
completed, the resistance between a point 100 
570 and the quarter point 572 of the slide- 
wire resistance is precisely R l . Point 572 is 
the slidewire tap position which corresponds 
to the quarter line 574 on the recorder index 
scale assembly 112 and on chart 102. Like- 105 
wise when the adjustment is completed the 
resistance between a point 576 and the other 
quarter point 578 of the slidewire tap posi- 
tion is precisely R 1 . Also the resistance 
between the quarter points 572 and 578 on 110 
the slidewire is precisely R 1 . 

The servo amplifier 494 is set up to follow 
the output of digital potentiometer 374 by 
holding the sequence at MARK TARGET 
by the aforementioned method. The elec- 115 
trical adjustment is made by first deenergiz- 
ing all of the relays as at 430 in the digital 
potentiometer 374, deenergizing relays 454, 
456, 458 and 460, energizing relays 464 and 
466 (the condition of relay 462 is lmma- 120 
terial), and noting the position of pointer 
116 when the servo system including motor 
492 has driven the slidewire tap 490a to the 
point where the bridge is balanced and a 
fixed position of pointer 116 is maintained. l& 
The pointer position will be somewhere near 
the quarter mark 580 on the scale index 
112. All of the relays as at 430 in the digital 
potentiometer 374 are then energized and the 
position of pointer 116 is again noted when 130 



the servomechanism comes to balance at the 
new position. By using the "centering" 
rheostats as at 556 at the ends of the slide- 
wire to adjust the lateral positions of the two 
5 balance points with reference to the scale 
index and the chart, an adjustment is ob- 
tained such that when all of the relays in the 
digital potentiometer are deeneigized, the 
pen and pointer 116 will come to rest exactly 
10 at the quarter mark 580 and when all of 
the relays in the digital potentiometer 
are deenergized, the pen and pointer 
will come to rest at a point in 
the vicinity of the other quarter mark 
99 

15 574 which is exactly of the distance 

100 

from quarter mark 580 to quarter mark 574. 
The adjustments of the slidewire and rheo- 
stats are interdependent, and accordingly an 
adjustmeint of any one may require read- 

20 justment of another. However, by succes- 
sive approximations the balance points can 
be very quickly set by observing the move- 
ment of the pen and pointer 116 produced 
by each slight movement of one of the ad- 

25 justing taps of the rheostats. Upon com- 
pletion of this sequence the resistance values 
between points 576 to 578, 578 to 572, and 
572 to 570 are all equal. 
It remains now to establish the resistance 

30 between points 576 and 570 to precisely 
3R l . This may be readily accomplished 
in the following manner. Energize relays 
462 and 466. This will establish point 578 
approximately R 1 from the negative power 

35 supply terminal and point 572 approxi- 
mately 2R 1 from the positive power supply 
terminal It is desired to establish these 
two points at precisely R 1 and 2R 1 from 
their respective power supply points. If this 

40 is achieved, then it is readily seen that since 
resistor 560 is precisely R 1 , the resistance 
between points 576 and 570 will be pre- 
cisely 3R 1 . In order to achieve these desired 
results the relays 456 and 460 must be ener- 

45 gjzed. This piaces the entire power supply 
voltage across the digital potentiometer, 
which is equivalent to 4R\ Therefore if re- 
lays 430 are energized so that output 374c is 
precisely at 2R\ which is the midpoint of re- 

50 sistance and voltage, then servo amplifier 
494 should drive the slidewire tap 490a to a 



point near 572 (574). We have shown pre- 
viously that when point 572 is precisely 2R l 
from positive (or negative) power supply 
terminal during this procedure, then the setup 55 
will be completed. Adjustment of rheostat 
568 to drive slidewire tape 490a to precisely 
point 574 (572) will accomplish the desired 
results. This is apparent since it has already 
been set up that resistances between 576 to 60 
578 and 578 to 572 and 572 to 570 are equal. 
The final adjustment makes 576 to 572 equal 
to 572 to 570 plus resistor 560 which is R 1 . 

In the example given, the chart 102 is 
printed with one hundred equal spaces be- 65 
tween the vertical lines thereon. There are 
fifty spaces between the lines defining the 
middle half of the chart between the quarter 
marks 574 and 580. By energizing the re- 
lays as at 430 in accordance with a decimal 70 
number coded according to the 2 1 — 4 — 2 — 1 
code, the pen and pointer 116 can be made 
to come to rest precisely on any one of the 
forty-nine chart lines between the quarter 
marks 574 and 580, or it may be made to 75 
come to rest precisely in the center of one of 
the fifty spaces between the chart lines. This 
gives a resolution of one-half chart division 
for marking target. 

When setting up the bridge by the initial 80 
procedure just described, with relays 454, 
456, 458 and 460 energized so that their 
contacts are closed to short out their res- 
pectively paralleled resistors, the bridge is 
operated in what is referred to as the "no 85 
division" mode, in which all of the voltage 
increments available from the digital poten- 
tiometer between its one end 374b and its 
midpoint 374c are converted by the auto- 
matic rebalancing slidewire arrangement to 90 
positions of the pen and pointer 116 lo- 
cated between the quarter marks 574 and 
580. 

By selecting other combinations of relays 
454-466, other operating modes may be 95 
achieved. These other operating modes are 
referred to as the "first half, "second half, 
"first quarter", "second quarter", "third 
quarter 5 ' and "fourth quarter" operating 
modes. The latter part of the setup proce- 100 
dure utilized the "second quarter" mode. 
These respective operating modes are ob- 
tained when the relays are energized accord- 
ing to the following truth table in Table 1. 
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TABLE 1 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Mode 



Relay Resistance Units 

454 456 458 460 462 464 466 R A R B Ro Ro 



No division 
5 First half 
Second half 
First quarter 
Second quarter 
Third quarter 
10 Fourth quarter 



0 
0 
0 
1 

X 
X 

1 



0 

1 

0 

1 
1 
1 

0 



0 

1 
1 

X 
X 
X 
X 



0 
0 

1 

0 

1 
1 
1 



X 
X 
X 
0 

1 
1 

0 



1 
1 
1 

0 
0 

1 
1 



0 
0 



4 
0 
2 
0 
0 
0 

1 



4 
2 
0 
1 
0 
0 
0 



1 
1 
1 

3 
2 
1 
1 



2 
3 



Mark Scale and Mark 
Composition 1 



1 



1 



1 



In Table 1, the binary number 0 indicates 
that a relay is deenergized and its contacts 
are open. The binary number 1 indicates 
that the relay is energized and that its con- 
tacts are closed. The symbol X is a dont 
race" symbol which indicates that it makes 
no difference whether the relay is energized 
or deenergized. The resistance values set 
forth in the table are given in terms of the 
resistance unit R\ The locations of the 
resistances R A . Rb. Ro and R» are indicated 
on the drawing. It is to be noted that the 
resistance Ro appears between the left 
quarter point 572 on the slidewire and die 
positive terminal of the power supply 550. 
Likewise the resistance Rd appears between 
the right-hand quarter point 578 on the slide- 
wire and the negative terminal of the power 
supply. The resistance R A appears between 
the positive terminal of the power 
supply and the end 374a of the digital poten- 
tiometer. The resistance R B appears be- 
tween the negative side of the power supply 
and the other end 374b of the digital poten- 
tiometer. ... it _ ^ „ 

The term "no division" indicates that all 
of the voltage increments available from the 
digital potentiometer can be converted by 
the slidewire rebalancing system to positions 
of the target pen and pointer 116 in the 
middle half of the chart and scale index be- 
tween the quarter marks 574 and 580. This 
is so because the resistance R A is four units, 
resistance R B is four units, and the resistance 
of the digital potentiometer 374 is four units. 
Thus one-third of the power supply voltage 
appears across the digital potentiometer. 
Likewise, with resistors 560 and 562 in Ro 
shorted by the contacts of relay 464 and with 
their corresponding resistors in R D shorted by 
contacts of relay 466, the resistance of Rc is 
one unit, the resistance of Rd is one unit, and 
the resistance of the center half of slide-wire 
490 is one unit Hence one-third of the 
power supply voltage appears across the 
center half of the slidewire 490, which corre- 
sponds to the middle half of the recorder 



60 



chart where the target mark is to be placed. 

The term "first half' indicates that only 
the first half of the voltage available from 
the digital potentiometer, in response to the 
least significant digits in the target specifica- 
tion number dialed in by the operator on the 
thumbwheel switches as at 144, Fig. 5, is 
presented to the slidewire rebalancing device 
for the purpose of marking the target in the 
middle half of the chart 102. That is to say. 
a decimal number of from 0 to 49 when ap- 
plied in binary coded decimal form to the 
digital potentiometer relays, will cause the 
pointer 116 to come to rest on one of the 
vertical lines on the recorder chart between 
lines 574 and 580. If a larger decimal num- 
ber is applied as an input via the digital 
potentiometer relays, the pointer will come 
to rest at a point outside of the center half 
beyond the quarter mark 574 in a region 
which is not used for target marking pur- 
poses. This region, however, is used for 
the scale identification marking. 

Similarly, the term "second half' indicates 
that it is the second half of the voltage avail- 
able from the digital potentiometer, in re- 
sponse to binary coded decimal numbers 
50 or greater, which is used to position the 
pointer in the middle half of the chart for 
specification target marking purposes. It is 
apparent that in the "first half' or second 
half' modes of operation, the converter has 
only half of the resolution, in terms of the 
chart 102, which is obtained in the 'no 
division" operating mode. 

The terms "first quarter", 'second 
quarter", "third quarter" and fourth 
quarter" applied to the operating modes, in- 
dicate that only the respective quarter of the 
voltage available from the digital potentio- 
meter can be presented to the rebalancing 100 
slidewire for the purpose of marking target 
in the center half of the scale. In some of 
the quarter modes, the resolution is de- 
creased to two chart divisions so that a target 
value can only be marked at every other 105 
chart line in the center half of the chart if 



65 



70 



75 



80 



85 



90 



95 



LY 



the digital potentiometer has only two de- 
cades. If three decades are used, values 
can be marked every two-tenths of a chart 
division. 



A better understanding and appreciation 5 
of the converter operation is obtained from 
a study of Table 2. 



TABLE 2 



10 Scale 



15 



20 



5-10 

5.0-10.0 

10—15 

10.0—15.0 

15—25 

25—35 

30-40 

30.0—40.0 

35-45 

45-55 

50—75 

75—100 

100—125 

125-150 



Extent 



5 
5 
5 
5 
10 
10 
10 
10 
10 
10 
25 
25 
25 
25 



Resolution 
Full Scale 



1% 
.1% 

1% 
.1% 
5% 
.5% 
.5% 
.05% 
.5% 
.5% 

2% 

2% 
.2% 
.2% 



Mode 



Second half 
Second half 
First half 
First half 
No division 
No division 
No division 
No division 
No division 
No division 
Third quarter 
Fourth quarter 
First quarter 
Second quarter 



Decades 
Required 



2 
3 
2 
3 
2 
2 
2 
3 
2 
2 
2 
3 
3 
3 



25 Table 2 lists a few typical scales and the 
operating modes used to mark the specifica- 
tion target thereon. For the purpose of the 
present explanation, the term "extent" is 
used to specify the difference between the 

30 number appearing at the right-hand quarter 
mark of the index scale and the number 
which is placed at the left-hand quarter 
mark. As previously described with refer- 
ence to the description of Fig. 5 and Fig. 9, 

35 these numbers will appear as lighted numer- 
als on index scale assembly 112. 

In general, scales which have an extent of 
5 require first-half or second-half modes of 
operation. Scales which have an extent of 

40 10 use "no division" operation. Scales which 
have an extent of 25 require first, second, 
third or fourth quarter modes of operation. 

If more than two decimal digits are re- 
quired to specify the high limit of the scale, 

45 the scale is beyond the capabality of a two- 
decade digital potentiometer, and an addi- 
tional decade comprising a set of eight re- 
sistors and four relays is required. Such an 
additional decade is indicated by the dotted 

50 line box 582. The third decade section is 
simply an extension of the potentiometer 
shown and is collected across the bottom 
ends of the 20R resistors. It is indicated 
that a pair of jumpers 584 and 586 can be 

55 removed to disconnect the 20R resistors from 
the output point 374c when the extra decade 
is added. Of course the connection to the 
output point 374c has to be made in the 
additional decade 582. 
.60 The addition of the third decade increases 
the resolution of the converter by a factor 
of 10, so that a resolution of one-twentieth of 



a recorder chart division is achieved in the 
"no division" operating mode, one-tenth of 
a chart division in one of the "half" operat- 65 
ing modes, and one-fifth of a chart division 
in one of the "quarter" operating modes. 
Thus the converter has as much resolution ■ 
as is needed to suit the number of significant 
digits in the input number. 70 

Where the scale limits are defined by only 
two significant digits, the third decade 582 
is shorted by contacts 468a and 468b of re- 
lay 468 shown by the dotted lines in the 
drawing. Also shown by dotted lines is a 75 
resistor 588 which is connected across the 
digital potentiometer through normally closed 
contacts 468c of relay 468. Thus when re- 
lay 468 shorts out the third decade of the 
digital potentiometer, its contacts 468c re- 80 
move the additional shunt resistance 588 
across the potentiometer so that the poten- 
tiometer has the same four units' resistance 
whether the third decade is being used or 
shorted out. 85 

Where the digital potentiometer 374 has 
the third decade 582, it is understood that 
four additional chart identification and tar- 
get marking logic circuits as at 322a, Fig. 9, 
will be required. If these were to be shown 90 
on the drawing, they would be identified as 
322i, 322j, 322k and 322r-l, and they would 
receive target signal outputs from the . 
memory elements in group 166 identified as 
8C, 4Q 2C and 1C 95 

In addition to the modes of operation 
listed for marking target, the bridge circuit 
376 has an additional operating mode which 
is used for marking scale and marking com- 
position. The operating mode used for 100 
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marking scale and composition can of course 
be selected to suit the requirements of a par- 
ticular measuring application. In the com- 
mon "mark scale and mark composition" 
5 operating mode shown in Table 1, resistances 
R A and R B are each one unit, while resis- 
tances R c and Rd are likewise both one unit. 
In this mode, the 99 increments of voltage 
available from the first two decades of the 

10 digital potentiometer 374 may be used to 
position the target pen on any one of one 
hundred vertical lines on the recorder chart 
In this mode, if less than 25 scales are used, 
they will be identified by ink marks placed 

15 on the chart lines on the left-hand quarter 
of the chart in the manner illustrated in 
Fig. 5. Similarly, if less than 25 composi- 
tions are used, the marks will be placed on 
the right-hand quarter of the chart. If 

20 more scales and more compositions are used, 
the additional marks are placed in the middle 
half of the chart In the event that the scale 
mark and composition mark positions have 
to overlap, the scale marks can be identified 

25 from the recorder trace, since the scale marks 
are the first to be placed on the travelling 
chart. Of course, three decades could be 
used permitting composition and scale mark 

1 

positions to — % of full recorder scale. 
10 

30 It should be noted in Table 2 that several 
scales have an extent of 10, starting with 5 
and ending with 5 and are in the "no divi- 
sion" mode. In order to do this the BCD 
input to the digital potentiometer 374 must 

35 be converted in such a manner that the digit 
5 looks like a 0, 2 looks like a 7, 4 like 9, 
etc. A matrix and conversion unit (not 
shown) between the memory 166 (Figure 1) 
and the target logic input resistors as at 397 

40 on line 364 will accomplish this conversion. 
Of course the matrix will include all memory 
166 outputs which require this conversion. 

The same would be true of a scale of 13 to 
23. It has an extent of 10 and a "no divi- 

45 sion" mode. The target matrix and conver- 
sion unit would convert the 3 to look like 
0, 4 to look like 1, eta This is essentially 
a binary weighting technique and is well 
known to those skilled in the art. 

50 As shown in Fig. 13, the scale selector 
signal outputs are shown coming out of a box 
identified with two reference numerals 292 
and 302 which correspond to the scale selec- 
tor output terminal groups 292 and 302 of 

55 Fig. 9. The scale selector signal outputs 
are arranged so that there is one output sig- 
nal line as at 600 for each scale to be se- 
lected. All of these lines are maintained 
essentially at ground potential except for the 

60 one line associated with the selected scale, 
which line will have essentially the B+ 
voltage applied to it On the drawings, the 



lines associated with the scale to be selected 
are numbered 1, 2, 3, . . . n,. 

The composition selector signal outputs 
are shown as coming from a box identified 
by the reference numeral 354 used in Fig. 
9 to indicate the composition selector signal 
output lines from switch amplifiers 350. 
There is a composition selector output line 
as at 602 for each of the compositions to 
be selected. The composition output lines 
are numbered 1, 2, 3, . . . n a . All of the 
composition selector output lines as at 602 
are at substantially zero potential except for 
the line associated with the selected com- 
position, which signal line will be substan- 
tially at the voltage of the B+ line 154. 

Running vertically on the drawing are a 
plurality of signal lines as at 604 referred 
to herein as range lines, and are numbered 
1, 2, 3, ... n 3 . Each of the range lines is 
connected through a *'B" resistor as at 606 
to line 609 which is B+ through transistor 
switch 607 which is open when scale output 
n, is positive. 

As previously explained with reference 
to Fig. 3, a range can be identified by speci- 
fying the scale to be used and the composi- 
tion of the material The scale selector sig- 
nal output lines and the range selector lines 
define a first matrix portion 608 in which 
diodes can be placed. The diodes are poled 
so that when the scale output line as at 600 
is driven to ground potential by its asso- 
ciated switch amplifier in group 290, Fig. 9. 
it shorts the range selector line as at 604 
to ground despite the presence of the B + 
voltage on the other end of the "B" resistor 
606. 

Similarly, the range lines and the com- 
position lines constitute a second matrix 
section 612 in which diodes as at 614 can 
be placed in the same manner. Thus if either 
the scale output line 600 or the composition 105 
output line 602 is driven to ground poten- 
tial, there can be no B+ voltage on range 
line 604 despite the fact that the B+ volt- 
ace is applied to the other end of the "B" 
resistor 606. However, if there is a voltage 110 
present on both the scale 3 output line and 
the composition 1 output line 602, neither of 
the diodes 610 and 614 will short the range 
line 604 to ground, and hence line 604 will 
be substantially at the voltage of B+ line 115 
609, thus providing a range selector signal 
on line 604. 

Since only one scale output line has a 
voltage on it at a particular time and only 
one composition line has a voltage on it, 120 
only a range line as at 604 which has a 
diode connected both to the energized scale 
line and the energized composition line will 
have a voltage on it. The reason for this is 
that all of the other range lines as at 636 125 
will have at least one diode as at 618 con- 
nected to one of the other scale output lines 
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as diode 618 is connected to the scale 2 out- 
put line. Likewise all other range lines as 
at 620 will have a diode as at 622 connected 
to at least one of the composition output 

5 lines, as diode 622 is connected to composi- 
tion output 3. Thus every range line, except 
the one range line as at 604 which has 
diodes as at 610 and 614 connected to both 
the energized scale output line and the 

10 energized composition line will be shorted 
to ground by at least one diode. 

As was previously explained in the des- 
cription of Kg. 2 and Fig. 3, each range 
automatically selected by the logic circuits 

15 requires a particular center scale potentio- 
meter 68 setting and a particular span poten- 
tiometer 70 setting. These settings for 
center scale and span are uniquely deter- 
mined by the specific transmittance function 

20 as at 80, which is plotted for a particular 
material of a certain composition on a par- 
ticular gauge. 

With reference to Figure 4 a gauge cali- 
bration circuit was described comprising a 

25 plurality of potentiometers from which pairs 
of potentiometers appropriate for a par- 
ticular range were selected by means of a 
range switch. This switch function can be 
performed by means responsive to the logic 

30 circuit just described. Analog potentio- 
meters may be used, though in the preferred 
embodiment described below digital poten- 
tiometers are used. 
According to one preferred embodiment 

35 of the invention according to Fig. 13, a 
digital potentiometer 668 replaces the 
potentiometer 68 of Fig. 2. Digital potentio- 
meter 668 is substantially identical to the 
digital potentiometer 374 previously des- 

40 cribed in the digital analog converter, except 
that the digital potentiometer 668 may 
require more decades. Commonly, four 
decades are used. Again in this case relays 
as at 672 are used to perform the switching 

45 in the digital potentiometer and the relays 
are driven by relay driver switch ampli- 
fiers as at 674. The digital potentiometer 
and its associated relays are also arranged 
in the modified Aiken code 2 1 — 4 — 2 — 1. As 

50 is indicated adjacent to the dotted lines as at 
676 connecting the relays 672 to the digital 
potentiometer 668, only the first decade 
of relay drivers is shown identified as 2*A, 
4A, 2A and 1A. A relay driver circuit for 

55 the fourth decade is indicated to have a 
relay output 2 l D. 

A center scale selector matrix 676a is 
used to translate the range selector signal 
on one of the range selector lines as at 604 
60 into the required pattern of energized and 
deenergized relays controlling digital poten- 
tiometer 668. This is done using the well 
known truth table for converting decimal 
numbers into the 2 1 — 4 — 2—1 binary coded 
65 decimal code according to the decimal 



center scale setting number as at 0 3 shown 
in Fig. 3. 

As was previously stated, only one of the 
range lines 604 will be energized at a given 
time. If there is an "A" resistor as at 678 70 
connected between the range line as at 604 
which is energized and the input line as at 
680 to one of the relay driver switch ampli- 
fiers as at 674, the relay will be energized. 
This is so despite the fact that a number 75 
of other "A" resistors as at 682 may be 
connected to the same amplifier input line 
as at 680, since the other end of the "A" 
resistors is shorted to ground by the other 
range lines which are not energized. 80 

Only one of the relay driver circuits is 
illustrated within the dotted line box 684a. 
The other relay driver circuits for the first 
decade of digital potentiometer 668 are 
shown in boxes 684b, 684c and 684d, and 85 
all of the relay driver circuits in group 
684a— 684d are identical. While only a 
few connections to the one relay driver in- 
put line 680 in matrix 676 have been shown, 
it is understood that input line 680 may have 90. 
many other connections to other range lines 
in the matrix, and likewise all of the other 
relay driver circuits controlling the digital 
potentiometer 668 will have input lines as 
at 690 to the matrix 676. 95 

To set up the span adjustment for the 
gauge, another digital potentiometer 670 is 
used in the location shown in the modified 
bridge circuit 54b. This digital potentio- 
meter is similar to digital potentiometer 100 
668, but usually requires fewer decades. 
Digital potentiometer 670 is driven by a set 
of span potentiometer relays and drivers in 
group 692, and the relay driver circuits are 
identical with those in the box 684a. The 105 
relay driver switch amplifiers in group 692 
are driven from input lines as at 694 from 
a span selector matrix section 696 similar 
to the center scale selector matrix 676. 

For the purposes of calibrating the gauge 1 10 
or for other purposes, an arrangement is 
made to operate the realy drivers for the 
digital potentiometers 668 and 670 directly 
from a set of CENTER SCALE and SPAN 
thumbwheel switch units 700 and 702, also 115 
shown in Fig. 5, For each relay driver, 
there is one set of contacts as at 700a of the 
thumbwheel switches, connected directly to 
the relay driver coil as at 672 through an 
isolation diode 704. The thumbwheel 120 
switches 700 and 702 are similar to the 
thumbwheel switches, as at 144 and 146, Fig. 
5, for setting the specification target and 
the composition. The switch dials have deci- 
mal numbers thereon, but their switch con- 125 
tacts are operated according to the basic 
binary code 8 — 4 — 2 — 1, as are the thumb- 
wheel switches for setting up the memory 
elements as shown in Fig. 6. Diodes as at 
705 connect the binary 8 contacts as at 8A 130 
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to the relays in the binary 4 and binary 2 
relay circuits in boxes 684b and 684c for 
the purpose of converting the basic binary 
code of the switch contacts to the 
5 2 1 --4— 2— 1 code used by the digital poten- 
tiometer 668. 

The thumbwheel switch contacts as at 
700a arc connected to a common line 706 
which is placed at ground potential when it 

10 is desired to use the thumbwheel switches. 
Line 706 is grounded via a LOCAL- 
REMOTE switch 708 and a transistor switch 
710 which is switched to connect a line 712 
to ground when a signal appears on the n x 

15 scale output line. This signal also turns 
on the scale lamp 714 which lights a special 
deffection-from-zero scale index strip on 
the recorder af Kg. 5. This scale index has 
the number 0 (not shown) which corres- 

20 ponds with the chart index line in the center 
of the recorder chart 102. 

The signal on the n! scale output line also 
turns off transistor switch 607, thus remov- 
ing B+ power from range lines as at 604, 

25 616 and 620. Therefore none of the relay 
drivers as at 674 will have a signal, and the 
relays 672 will be controlled exclusively by 
the switches as at 700, or by remote switches 
(not shown) when LOCAL-REMOTE 

30 switch 708 is in its remote (R) position. 
The de cimal numbers appearing on 
thumbwheel switch 700 indicate the arbitrary 
units which constitute the oidinates of the 
graph of Fig. 3, and the graphical calibra- 

35 tion procedure is done in the usual manner. 
It is sometimes desired to select some weight 
per unit area value from the abscissa of Fig. 
3 and to have this value of weight per unit 
area be indicated by the center zero posi- 

40 tion of the measuring pen and pointer 108 
and 110. This of course requires that the 
number on the center scale thumbwheel 
switch 700 be set to the ordinate value which 
corresponds to the 0-center weight per unit 

45 area on the transmittance curve of the 
material being measured. The measure- 
ments then appear on the recorder as 
deflection-from-target measurements. This 
and other conventional uses for the settings 

50 available on the center scale and span 
thumbwheel switches 700 and 702 are con- 
ventional and need not be described. 

While the invention has been illustrated 
and described herein as being embodied in 

55 a specific apparatus, with only a few modi- 
fications thereof specifically suggested, it is 
apparent that many changes, modifications 
or even outwardly quite different embodi- 
ments can be made without departing from 

60 the scope of the invention as set forth in the 
appended claims. 

For example, the binary memory elements 
have been shown and described as being 
capable of accepting only parallel, binary 

65 coded decimal inputs from the automatic 



supervisory control unit 48. However, it is 
apparent that these units may be easily 
rendered capable of accepting serial binary 
inputs by using conventional feedback or 
gating circuits between the memory elements, 70 
thereby converting the memory system into 
a broadside shift register of a well known 
type which is capable of being set up by 
serial binary code pulses and clock pulses 
from a remote automatic device such as a 75 
digital computer. 

Another example might be shown where 
the recorder of the several discussions is not 
in the feedback loop as described in the 
aforementioned Chope United States Patent 80 
2,790,945 but rather a repeat of the servo 
driven slidewire and recorder. In such a 
case the measure system need not be dis- 
abled in order to time share the servo ampli- 
fier since die measure system servo ampli- 85 
fier would not then be driving the repeat 
recorder. In this or other similar cases the 
sequence of presentation could be initiated at 
any time. Since the circuitry in the 
sequencer is highly flexible, even to the 90 
extent of providing for variable period be- 
tween clock pulses as well as other outputs, 
other information such as temperature, 
speed, etc., could be presented upon de- 
mand. , 

Even though only one measure system has 
been discussed, the equipment is fully cap- 
able of setting up more than one system in 
a manner entirely similar to that already 
discussed. The set-up need not even be 100 
limited to a weight per unit area measur- 
ing system. It can readily be extended to 
other measure or control systems, for ex- 
ample by utilizing a digital potentiometer to 
control the adjustment 96 as shown in Fig. 105 
2. Another embodiment can be made by 
utilizing scale and composition selector 
signal outputs to directly drive by well- 
known means the switch 84 of Fig. 4 in 
order to select range of measurement It lll> 
is within the scope of this invention to 
utilize more than one of any or all of the 
several bits of apparatus described in a 
manner well known to those skilled in the 
art to accomplish digital set-up of related 115 
equipment in addition to nucleonic and other 
radiation gauging apparatus per se. 

WHAT WE CLAIM IS : — 

1. A radiation gauge for measuring a 
property of a traveling material, including, 120 
calibration circuites; a recorder having a 
measuring indicator, a target indicator and a 
plurality of scales; and a digital setup ap- 
paratus which comprises : 

means for receiving digital signals in- 125 
dicative of the desired value of said 
property, . . 

logic circuits responsive to said digital 



signals for selecting the proper scale from 
said plurality of scales, 

first means responsive to said logic 
circuits for setting said gauge calibration 
5 circuits, and 

second means responsive to said logic 
circuits for causing said target indicator 
to indicate the location of said desired 
value on said proper scale. 

10 2. Apparatus as in claim 1 including 
means responsive to said logic circuits for 
indicating numeral values for said proper 
scale. 

3. Apparatus as in claim 1 or 2 wherein 
15 said target indicator comprises a pointer, and 
wherein said second means responsive to 
said logic circuits comprises a digital-signal- 
to-analog-position converter for servo- 
positioning said pointer. 
20 4. Apparatus as in claim 3 wherein said 
digital-signal-to-analog-position converter 
comprises a digital potentiometer responsive 
to said logic circuits, and an analog servo- 
mechanism responsive to said digital poten- 
25 tiometer. 

5. Apparatus as in claim 4 including 
means for coupling a voltage from said 
digital potentiometer to said analog servo- 
mechanism, and 

30 means external to said digital potentio- 
meter and responsive to said logic circuits 
for digitally adjusting the amplitude of said 
voltage. 

6. Apparatus as in claim 4 or 5 includ- 
35 ing a feedback member in said servomech- 

anism for providing an analog voltage, 

means external to said feedback member 
and responsive to said logic circuits for digit- 
ally adjusting the amplitude of said voltage. 
40 7. Apparatus as in claim 4, 5 or 6 in- 
cluding a strip chart and a chart-moving 
mechanism for said recorder, 

a chart marking pen coupled to said 
pointer, 

45 a sequencing device, and 

means responsive to said logic circuits and 
to said sequencing device for causing said 
converter to sequentially move said pen to a 
first position for indicating the scale used 

50 and to a second position for indicating said 
desired value. 

8. Apparatus as in claim 7 wherein said 
means receiving said digital signals includes 
means for receiving a further number in- 

55 dicating the composition of said material, 
and 

means causing said pen to move to a third 
position to indicate said composition on 
said chart. 

60 9. Apparatus as in any preceding claim 
wherein said means receiving said digital 
signals includes means for receiving further 
digital signals indicating the composition of 
said material, and 



wherein said logic circuits include means 65 
responsive to both said desired value and 
composition-indicative signals for setting 
said gauge calibration circuits. 

10. Apparatus as in any preceding claim 
wherein said means for setting said gauge 70 
calibration circuits comprises a pair of 
digital potentiometers in said gauge calibra- 
tion circuits. 

11. Apparatus as in any of claims 1 to 

9 wherein said means for setting said gauge 75 
calibration circuits comprises a plurality of 
analog potentiometers, and means responsive 
to said logic circuits for selecting pairs of 
said analog potentiometers. 

12. Apparatus as in any of claims 3 to 80 
1 1 when dependant on claim 2 wherein said 
means for indicating numeral values com- 
prises an index scale member on said re- 
corder, said index scale member bearing 
selectively lighted numerals. 85 

13. Apparatus as in any preceding claim 
wherein said means for receiving digital sig- 
nals comprises a memory device for storing 
digital signals, and wherein said logic circuits 
comprise means responsive to said stored 90 
digital signals. 

14. Apparatus as in claim 13 wherein 
said gauge comprises an operator's control 
unit, 

selector means in said operator's control 95 
unit for selecting said desired value, 

a signal channel for digital signals between 
said desired value selecting means and said 
memory device, and 

a remote signal channel also connected 100 
to said memory device for feeding input sig- 
nals thereto. 

15. Apparatus as in claim 14 including 
means providing and maintaining a signal 

at said operator's control unit when said 105 
input signals are received on said remote 
channel. 

16. Apparatus as in claim 15 including 
switch means controlled from said opera- 
tor's control unit for disabling said remote 110 
signal channel. 

17. Apparatus as in claim 7 or 8 includ- 
ing means receiving a signal indicative of a 
time interval wherein said gauge is not 
measuring, and means energizing said 115 
sequencing device in response to said last- 
mentioned signal for initiating said pen 
position moving sequence. 

18. Apparatus as in any preceding claim 
wherein said logic circuits include a plur- 120 
ality of circuit matrices each including a 
plurality of locations therein where circuit 
elements may be inserted to adapt the circuit 
logic to a desired calibration for said gauge 
and said target indicator. 125 

19. A radiation gauge substantially as 
described hereinbefore and with reference 
to Figures 5 to 13 of the accompanying 
drawings. 
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20. A system for determining a property 
of a traveling material, comprising a radia- 
tion gauge having calibration means and in- 
dicator means responsive to said gauge for 

5 indicating the value of said property, said 
indicator means including a measuring in- 
dicator, a target indicator and a plurality of 
scales, and a digital setup apparatus having : 

means for receiving digital signals in- 
10 dicative of the desired value of said pro- 
perty, and in response to said digital sig- 
nals selecting the proper scale from said 
plurality of scales, setting said gauge cali- 
bration means and causing said target ln- 
15 dicator to indicate the location of said 
desired value on said proper scale. 

21. A system for determining a property 
of a traveling material comprising a radia- 
tion gauge having calibration means and in- 

20 dicator means responsive to said gauge for 
indicating the value of said property, said 
indicator means having a measuring indica- 
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tor, a taiget indicator and a plurality of 
scales, and a digital setup apparatus having: 

means for receiving digital signals in- 
dicative of the desired value of said pro- 

PC means responsive to said digital signals 
for selecting the proper scale from said 
plurality of scales, ™ 

first means responsive to said selecting 
means for setting said gauge calibration 
means, and 

second means responsive to said select- 
ing means for causing said target mdica- 3> 
tor to indicate the location of said desired 
value on said proper scale. 

TREGEAR, THIEMANN & BLEACH, 
Chartered Patent Agents, 
Melbourne House, 
Aldwych, 
London, W.C2, 
Agents for the Applicants. 
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